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ABSTRACT 
The effect of lithium chloride, sodium chloride and potassium 
chloride on the distribution of acetic acid, propionic acid 
and butyric acid between benzene and water at 25° C has been 
studied. The method of Hand' which has previously been used 
to correlate tie line data in salt-free ter.nar.y systems, has 
now been successfully employed to correlate distribution data 
for quaternary systems containing salt. 
The slope and intercept of the Hand equations have been 
expressed as linear functions of the salt concentration in 
each system studied. Equations for slope and intercept 
possessing high statistical significance have been formulated 
using a linear regression in two variables. 
The order of decreasing salting out on a weight basis is 
LiCl ) NaCl ) KCl 
for all systems studied. On a mole basis, the effect of 
lithium chloride diminishes with increase in the number of 
carbon atoms in the acid, being greater than sodium chloride for 
acetic acid, equal to sodium chloride for propionic acid, and 
less than sodium chloride for butyric acid. 
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INTRODUCTION 
The unit operation liquid extraction has rapidly assumed 
major industrial significance as a means of separating the 
components of a saiution. It is of particular utility where 
the components to be separated have comparable volatilities, 
are heat sensitive, are relatively non-volatile, or are present 
in grossly disproportionate quantities. In general, liquid 
. extraction is applied to the separation of molecules of 
different chemical types, while distillation is used to sepa-
rate molecules of different size or weight. 
T.he solubility of many organic substances in water is 
materially decreased by the presence of dissolved inorganic 
salts. This fact has been applied in the laborator.y but has 
found little industrial use. A reduction in the size and cost 
of equipment needed to effect a given separation is accompanied 
by increases in corrosion rate and the cost of salt and its 
associated handling equipment. The decision to use salt to 
improve a process must be based on economic considerations. 
There is a dearth of quantitative data on the effects of 
salts on systems usually encountered in chemical engineering. 
Such data are, of course, necessary for economic evaluation and 
optimization of extraction processes. In this thesis, the effects 
of salt an the distribution of three carboXYlic acids between 
benzene and water are investigated and correlated. 
SCOPE AND PURPOSE 
The complete study of salt effects in ternary equilibria 
would necessarily involve the use of ever.y element in the 
periodic table. However, many elements are t~o expensive to 
be of practical use. This stu~ may be divided into several 
sections which will enable the investigator to observe trends 
within that particular section. These trends may then be 
compared with other work so that the effect of position in the 
periodic table on the degree of salting out by a particular 
element may be determined. It is desirable to correlate the 
results in a manner which would allow convenient prediction 
of the eff~ot of salt concentration on the salting out 
efficiency of a given salt. 
The effects of each of three salts on the distribution 
of each of three carboxylic acids between benzene and water are 
studied in this thesis. The three acids, acetic acid, propionic 
acid, and butyric aoid, are completely miscible with water and 
with benzene at 25° C. Their analytical determination has 
been well established. Three alkali metal chlorides, lithium 
chloride, sodium chloride, and potassium chloride, are soluble 
in water and insoluble in benzene and may be readily determined 
analytically. Benzene, a non-polar liquid, and water, a polar 
liquid, are practically insoluble in each other. 
TERNARY SYSTEMS 
Ternary equilibria are usually reported in the scientific 
literature on equilateral triangular coordinates. Percentages of 
each component of a mixture may be read directly from this diagram. 
Since only a single size of such graph paper is ordinarily available 
and since this places a limit on the accuracy obtainable, the right 
triangle, two of whose sides coincide with the Cartesian coordinate 
axes, can be employed. Each scale m~ be expanded to any extent 
desired. 
The most common method for constructing the solubility curve is 
the "synthetic" or "cloud point" method (10, 88). Mixtures of known 
composition of two liquids are titrated with the third to an appear-
ance or disappearance of turbidity. A convenient property of the 
resulting mixture -- density, viscosity, refractive index -- is then 
determined. Tie lines are determined by formulating mi~tures in the 
two-phase region and analyzing the conjugate solutions for the 
property previously studied. When tie line data is not necessary, 
the solubility curve may be constructed using a modified "cloud 
point" method (64). 
Tie lines and the limiting solubility curve can be determined 
simultaneously if two of the three components of the system can be 
easily determined analytically. Alternatively, if the composition 
of the original mixture and the composition of one conjugate phase 
are completely known, the composition of the second phase can be 
determined by a material balance when only one component of the 
second phase is known. 
Ternary systems may be classified on the basis of the 
number of partially miscible liquid pairs in the system. A type 
1 system possesses one partially miscible liquid pair A-B, the 
pairs A-C and :B-C being miscible in all proportions. In a type 
2 system, two partially miscible liquid pairs, A-C and A-B exist, 
liquids B and C being miscible in all proportions. T,ypical ternary 
equilibrium diagrams and distribution graphs are shown in figures 
1 and 2. 
Several summaries of available ternary data have appeared 
(12, 77, 79, 80, 14, 92), and consultation with the original 
papers will giva further information on special techniques used. 
Attention is directed to the recent book by Francis (29) which 
presents an extensive list of ternary and quaternary systems. 
The following nomenclature convention will be used in this 
thesis. The pure components of which the phases are composed will 
be designated by the letters A, B, c, and D. The concentration 
in weight per cent wil~ be designatea by the letter X with two 
subscripts. The first subscript refers to the component whose 
concentration is indicated and the second to the major component 
of the solution under consideration. 
The significance of the first subscript, as employed in this 
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thesis, is as follows: 
A: water 
B: benzene 
C: acetic acid, propionic acid, or butyric acid 
D: lithium chloride, sodium chloride, or potassium chloride 
The second subscript refers to the following: 
A: aqueous (water-rich) phase 
B: organic (benzene-rich) phase 
Thus, in the system propionic acid (C) - benzene (B) -water (A) -
potassium chloride (D)~ 
XCB = weight per cent propionic acid in the benzene-rich 
(organic) phase 
XAA = weight per cent water in the water-rich (aqueous) 
phase 
Tie line correlations fall into two general categories, 
7 
graphical and mathematical. Treybal (90) presents an excellent summary 
of the graphical methods. In general, rather complete data are 
required for the application of these methods. 
T.he simplest mathematical expression of the distribution law 
(1) 
states that the distribution ratio K, at constant temperature, 
should be independent of the concentration of component c. In 
most systems, this is true only in dilute solutions. Nernst (62) 
ha s considered modifications to the distribution law for cases 
where association and dissociation occur. 
Brancker, Hunter, and Nash (14) found that a recangular 
plot of XAA against XBB would yield straight lines for m~ sys-
tems, provided a special vertical XAA scale was used. This 
scale was constructed so as to produce a straight line for the 
system acetic acid-benzene-water, which served as a reference 
system. Values of XBB were plotted on a rectangular scale. 
Bachman (5) plotted XBE against XBB/XAA on rectangular coordinates 
and was able to obtain straight lines for most of the systems 
considered. Brown (16) used a modification of Bachman's method, 
plotting XBB/XAA against XAA to obtain straight lines. Conway and 
Philips (21) studied the system water-furfural-methyl isobutyl 
ketone, which has two partially miscible liquid pairs, and were 
able to correlate their results with a plot of XAA against ~B· 
Othmer and Tobias (63) showed that a plot of log 1 - XAA 
against 
XAA 
log 1 - XBB gave straight lines for many systems. Bhat, Lu, and 
~B 
Johnson (8) used modifications of the Othmer and Tobias plots. 
Ishida (40) attempted to predict the value of the distribution 
coefficient from a modified Othmer and Tobias plot. 
All the methods listed above permit the determination of the 
tie lines for a system when a minimum of two tie lines is known. 
Except for the correlation of Brancker1~ Hunter and Nash, all can 
8 
be expressed mathematically by equations of the form y = mx + b, 
and thus eliminate the need for graphical presentation of tie line 
data. However, in none of these correlations is the distributed 
component C used in the coordinates. 
Hand (37) showed that a plot of log x0AfxAA against 
log x0B/XBB will give a straight line whose equation is 
(2) 
Bachman (6), after careful studies, concluded that the Hand 
equation is not accurate in dilute regions. 
Under conditions of immiscibility of components A and B, 
(~A and XAB are very small), the Othmer and Tobias equation 
reduces to the Hand equation. 
I 
1 - XAA - [1 - XEB] n X - b1 x_ (3) Othmer-Tobias equation AA --BB 
XAA + lEA + XCA = 1 (4) A-phase material balance 
XAB + XEB + XCB = 1 (5) B-phase material balance 
1 - XAA = ~A+ XCA:::: XCA (4a) 
l - ~B = X.AB + XCB Z XCB (5a) 
Substituting in the Othmer-Tobias equation 
(6) Hand equation 
9 
It must be pointed out that for a large number o£ systems, 
the Hand equation and the Othmer-Tobias equation both describe 
the data. In the special case of immiscible solvents, the 
equations are identical. 
The Hand correlation was chosen for use in the present 
investigation because of its application to a large number of 
systems and because the concentration of the distributed com-
ponent appears in the coordinates. 
10 
QUATERNARY SYSTEMS 
The comple~e representation of four-component systems at 
constant temperature requires a space model. The regular tetra-
hedron and the right equilateral triangular prism have been em-
ployed to depict quaternary systems. 
The right equilateral triangular prism has been used in 
two ways. In the first method, shown in Figure 3, one vertical 
edge of the prism represents mixtures of two eomponents, while 
each of the other edges represents one of the remaining two 
co~onents. The upper face (ABD) represents one ternary system 
while the lower face (ABC) represents a second. A triangular 
plane parallel to the base represents quaternary mixtures in 
which the ratio of components C and D is constant. 
In the second method, shown in Figure 4, the percentage 
of the fourth component is plotted along the lateral edges of 
the prism perpendicular to the triangular base representing a 
ternary system. This method is similar to that used to show 
the effect of temperature on ternary equilibria. A triangular 
plane parallel to the base represents those quaternary mixtures 
having a constant percentage of D based on overall composition. 
The regular tetrahedron has been used extensively to 
represent quaternary equilibria because it is less confusing and 
more convenient to handle than the right equilateral triangular 
prism. The regular tetrahedron and the equilateral triangle both 
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possess the geometrical property that the sum of the perpen-
diculars from any point within the figure to the sides of the 
figure is equal to the altitude. 
Branoker, Hunter, and Nash (15) have studied the system 
chloroform-acetic acid-acetone-water and have represented their 
data by the three methods described above. They also present 
formulas which permit the projection of a point within the solid 
to be located on one plane of the solid. 
Wiegand (99) has replaced the regular tetrahedron with a 
rectangular tetrahedron, three edges of which coincide with the 
three axes of a rectangular coordinate system and three faces of 
which are isosceles triangles. This enables the graphical 
method to be replaced by an analytical one, based on analytical 
geometry, with a consequent saving in time required for problem 
solving. 
Cruickshank, Haertsch, and Hunter (23) have projected 
a regular tetrahedron onto a plane so that a square is formed. 
Quaternary extraction calculations can be readily performed 
using Cartesian rather than triangular coordinates. 
Several attempts (66, 30, 39, 13) have been made to 
correlate quaternary equilibrium data with those of ternary 
systems, but no successful general method has been developed. 
Smith (78) has represented quaternary tie line data by means of 
plane graphs of logarithmetio form which permit accurate inter-
14 
15 
polations. However, construction o~ these graphs requires ex-
tensive data for the quaternary system, and further, the method 
cannot be employed to predict the quaternary from the ternary 
systems. 
Chang and Moulton (19) have developed a procedure for 
systematically investigating quaternary equilibria. Represen-
ting their data by means of a regular tetrahedron, they were 
able to describe the inner quaternary two-phase region for several 
systems. Jodra, Otero, and Sole (41) used this procedure to 
investigate the system acetic acid-benzene-water-sodium chloride 
at 25° C. 
DISTRIBUTION LAW 
A third substance added to a system of two immiscible or 
slightly miscible liquids will distribute itself between these 
· two liquids in a definite manner. Application of the phase 
rule to this three-component, two-phase system (the vapor is 
not in equilibrium) indicates three degrees of freedom. At a 
given temperature and pressure, specification of a single variable 
will determine the composition of the entire syste~. 
The chemical potential /A- of a substance must be the same 
in each of two phases in equilibrium. For phase 1 
and for phase 2 
0 p. 2 '/U- 2 + RT ln a2 (8) 
Here~1 and JU2 are the chemical potentials of the substance 
in phases 1 and 2 respectively;~ 1° and ~2 ° are the chemical 
potentials in the standard state in phases 1 and 2; R is the gas 
constant; T is the absolute temperature; and a1 and a2 are the 
activities of the substance in the particular solvent phases. 
0 0 At any given temperature,~! and ,.u2 are constants for a given 
substance in the particular solvents. Hence, 
= (9) 
since at equilibrium 
ft 1 = )'.2 (10) 
Equation 9 may be written in a simpler form 
(11) 
In dilute or ideal solutions, the activity is essentially 





where Xi and x2 are the concentrations (moles per liter) of 
the distributed substance in phases 1 and 2 respectively. 
Equation 12 is a mathematical statement of the distribution 
law, and the constant K is called the distribution coefficient 
(sometimes called the partition coefficient) of the solute be-
tween the two solvents. The law is valid only when the solute 
undergoes no molecular change, such as association or dissocia-
tion. When such a molecular change occurs, the law applies only 
to the concentrations of the particular species common to both 
phases. 
r? 
The dissociation of acetic acid into hydrogen and acetate ions 
is well known, the dissociation constant at 25° C being 1.754 x 10-5 
(see table 4). Acetic acid forms a dimer in benzene, hydrogen 
bonds being formed between the oxygen atom Qf the carbonyl 
group and the hydrogen atom of the hydroxyl group of a second 
molecule (65) 
0- H ••••• 0 
/ ' H3C - C C - CH3 ,, / 
0 • • • • • H - 0 
The distribution law applies only to the single molecules of 
acetic acid~ which are common to both phases. 






where K1 is the dissociation constant for acetic acid; 
~ is the degree of ionization; and 
~T]A is the total concentration of acetic acid in the 
water-rich phase (moles per liter) 
Benzene phase 








~ is the degree of association; ~nd 
[0T] B is the total concentration of acetic acid in the 
benzene-rich phase (moles per liter). 
Distribution 
K= 
fT]A (l -ct. ) 
fT] B(l - c<') 
(19) 
Solving 19 for fT]B (1 - o/) and substituting into 18, the 
following equation is obtained: 
(20) 
Solving equation 20 for the ratio of the concentrations of 




2 K 2 (l - oc )2 as 
(21) 
This equation will be use~ in this thesis to determine the 
efff.eot of salt on the dimerization of the three carboxylic acids 
in the benzene-rich phase. 
l9 
DESCRIPTION OF THE SALT EFFECT 
A survey of the literature has revealed general agreement 
on the physical phenomena responsible for the salt effects. 
The translation of these phenomena into mathematical expressions 
has been approached from several different directions. The fact 
that these expressions are only semiquantitative and cannot be 
applied under all conditions emphasizes the complexity of the 
salt effects. 
Albright and Williams (2) and Gross (34) have clearly 
described the physical interactions responsible for the salt 
effect. Consider a system of non-electrolyte and an aqueous 
salt solution. Since the dielectric constant of water is 
usually higher than that of other neutral molecules, the water 
molecules are preferentially pulled into the field existing 
around the ion. This forces the less polar non-electrolyte 
molecules into the regions of the solution remote from the 
ionic field. The increase in the non-electrolyte to water 
ratio in these regions results in a reduction of the solubi-
lity of the non-electrolyte refe~ed to the total water present. 
This is the familiar "salting out" effect. 
If the dielectric constant of the non-electrolyte is 
higher than that of water, the non-electrolyte will concentrate 
in the region of the ions at the expense of the water. Since 
the non-electrolyte to water ratio in regions removed from the 
ion is lowered, the water is available to take up more of 
the neutral molecules, and "salting in" occurs. 
Dobry-Duclaux (26) stated two rules concerning the 
effectiveness of salts in promoting dissolution of non-
electrolytes in water: 
1. If a salt will produce greater dissolution of a 
substance than a second salt, it will produce greater 
dissolution of all other substances (than the second 
salt). 
2. If a non-electrolyte dissolves to a greater extent 
in the presence of a given salt than another substance, 
it will dissolve more readily in the presence of any 
other positive lyotropic salt than the second sub-
stance. 
(It appears that a 11 lyotropio salt," as used in the second rule 
above, becomes more "positive" as its efficiency in promoting 
solubility, or "salting in," increases. Thus rubidium chloride 
would be a more "positive lyotropic salt" than potassium chloride.) 
Thus the ability of a salt to promote dissolution depends on 
two parameters, the nature of the salt and the nature of the 
non-electrolyte. 
THEORIES OF THE S.ALT EFFECT 
Two principal theories have been proposed to quantita-
tively express the salt effect: the hydration theory and the 
electrostatic theory. Much experimental work has been done to 
test their validity. 
The I{yd.ration Theory. 
T.he hydration theory proposes that one of the primary 
factors in salting out is a characteristic constancy of binding 
of a part of the water by the ions, the extent of which is 
directly proportional to the number of ions. The water so bound 
is probably removed as a shell of oriented water dipoles around 
the ions. The bound water thus beco.mes unavailable as sol vent 
in which the non-electrolyte can be dispersed. 
Before considering the salting out effect as expressed 
by this theory, examination will be made of' a Hittorf trans-
port number experiment designed to determine.the hydration 
number of an ion. 
A non-electrolyte is dissolved in the solution and its 
concentration near the electrode is measured before and after 
the experiment, thus determining the change in its concentration 
during electrolysis (1). This reference substance must have the 
following properties (98): 
1. It must be stable and must not react with the electrodes 
or with the solution. 
2. !t must be a non-electrolyte and must remain stationar.y 
with respect to the water when a current is passed 
through the solution. 
3. It must be present at such small concentration that it 
does not appreciably change the character of the 
solvent. 
4. Since the changes in the ratio of water to reference 
substance at the electrode will be small, the reference 
substance must be capable of accurate estimation. 
Urea and the sugar raffinose have been successfully used as 
reference substances (86, 87, 98). 
If x , and x are the molecules of waten att~ched to the 
c a 
cation and anion, respectively; T0 and Ta are the "true" trans-
port numbers of these ions (if no water were carried by the 
ions); and t 0 and ta are the apparent (measured) transport 
numbers; then the passage of one farad~ of charge will 
cause the cations to carry x T moles of water in one 
c 0 
direction and the anions to carry x T moles of water in the 
a a 
opposite direction. There will thus be a net transfer of .6x 
moles of water from the anode to the cathode compartment, ac-
cording to the following equation: 
Ax = X T 0 0 (22) 
Because of this transfer of water, the concentration of the 
reference substance appears to increase in the anode compartment 
and to decrease in the cathode compartment. From this change 
in concentration, Ax can be calculated. If E equivalents of s 
salt are dissolved in E equivalents of water, then ~xE8/E w w 
equivalents of salt are associated with Llx moles of water, 
and this is equal to the difference between the true and 




= - Ax-0 Ew 
(2J) 
while for the cathode compartment 
E 
t T s = + ~x-a a E w 
(24) 
Equations 23 and 24 permit T and T to be calculated if t or 
o a o 
ta and 6x are measured. It will be noted that t 0 + ta = 
T + T = 1. o a 
Absolute values of the degree of hydration, :x: and x , o a 
cannot be found by this method, since equation 22 contains two 
unknowns. If the extent of hydration of one ion is assumed~ 
that of the other can be calculated. Assuming that the chloride 
ion binds four water molecules or the hydrogen {hydronium) ion 
one molecules, the following are obtained: 





All the above values were obtained in alkali chloride solutions. 
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Quantitatively~ other methods for estimating the degree of 
hydration agree with the above, but at best, estimates of 
hydration are very approximate. 
Macinnes (56) states that hydration increases with dilution 
and with decrease in temperature. He gives the following 
"lyotropic" at' "Hofmeister" series of ions in decreasing order 
of hydration (57): 
Li > Na > K ) Rb > Cs 
Mg > Ca > Sr > Ba 
F ) i#>O 4 > Cl ) Br ) N03 > I > CNS 
Bergen and Long (7) studied salt effects in acidic and 
basic media. They proposed that the water molecules which hydrate 
a cation will be oriented with their protons outward and that as 
a result there will be a net repulsion between these protons and 
an acidic weak electrolyte and a net attraction between the pro-
tons and a basic weak electrolyte. The hydration effects should 
make a significant contribution to the salting out parameters 
only for small~ highly charged cations for which hydration will 
be extensive. Thus the disappearance of the acid-base effect 
for rubidium and cesium is expected. 
Sugden (81) has determined the hydration numbers of the 
alkali chlorides in a water-alcohol mixture. Angelescu and 
Dutchievici (3) ~etermined these values in an acid-water mixture. 
In both cases, benzene was the third component. Their results 
2.5 
are given below: 
HYdration Numbers for Alkali Salts 
~ Sugden Angela sou et. al. 
LiCl 10.5 ---
Na.Cl 8.0 18 





NaNO 11.1 3 
4.6 KN03 
Other investigators (22; 28, 61, 68) have also explained the 
salting out effect on the basis of the hydration theory. 
In view of the large variation in hydration numbers re-
ported by several investigators, it is concluded that this 
number is strongly influenced by the nature and quantity of the 
dissolved non-electrolyte. Consideration of the four rules pre-
viously listed for the selection of the reference substance 
used in the Hittorf hydration number experiment shows that rule 
3 is probably most important in explaining the results obtained. 
While the hydration number concept provides a very convenient 
physical interpretation of the salt effect~ its usefulness in 
predicting the magnitude of the salt effect in various media 
can only be qualitative. 
Electrostatic Theory. 
An expression for the salt effect can be obtained by 
consideration of the action of coulombio forces without the 
inclusion of other factors. 
The theory of Debye and McAulay (25) computes the partial 
free energy of a molecule relative to the pure solvent from the 
reversible electrical work. Assuming the ions to be perfect 
spheres of radius b., the electrical work W(n.) of charging 
J J 
nj ions of this kind is 
= (25) 
where ej is the electrical charge on the ion; and 
D is the dielectric constant of the solution. 
Consider a solution containing n1 ••• n .••• n ions per cubic J s 
centimeter'. The net electrical work W t of discharging the 
ne 
ions at high dilution in a solvent (water) of dielectric con-




(The change in dielectric constant from D0 to D may be produced 
by the addition of either an electrolyte or a non-electrolyte 
to the solvent.) The amount of additional work W(k) done 
against the potential due to ionic atmospheres is 
W(k) k a = _.._. 
3D 
s 2 
'2 n. eJ. 
I J 
(27) 
where 1/k is the mean radius of the ionic atmosphere. 
a 
To a first approximation the total electrical work of the 
charging processes given by equations 25 through 27 above m~ 




-- ~ 3D 
Again~ as a first approximation, the dielectric constant of 
the mixture may be given by the equation 
I 
D = D 0 ( 1 - ~n - p n t ) (29) 
where n and n' are the number of molecules of non-
electrolyte and electrolyte, respectively; and 
~and ~· are empirical constants. 
Substituting 29 in 28 and neglecting higher powers of n and n' 
gives 
2 I I 2 
s e. s n. e. kQ 
28 
(28) 
@n nj ~ n 2 ~A=- ~ .l + - 2 J J - - ~ n. e. (30) J J 2D0 ' b. 2D0 b. 3D0 J J 
Since interest is only in the salting out or salting in of 
electrolytes at extreme dilutions caused by changes in the 













where AA8 is the increase in work content due to 
salting in or salting out at extreme dilutions. 
From this equation the contribution to the chemical potential 
of the electrolyte (~JUs per molecule) caused by the addition 
of non-electrolyte~ or vice versa, can be determined. Thus for 
a neutral molecule 





= kT ln f
8 
S' 2 




which is the equation of' De bye and McAulay. When ? is positive 
the macroscopic dielectric constant of the medium is decreased, 
f is increased, and salting out takes place. Considering the 
s 
simplifications and approximations made during the derivation, 
it is clear that equation 33 is a limiting equation and can be 
regarded only as a first approximation. 
Other equations for the salt effect have been derived 
by means of a similarly simplified picture. Butler (18) 
obtained an equation identical with (33) except that D ap-
pears in the denominator in place of D0 • 
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Debye (24) later developed a more exact theory to take into 
account the heterogeneity of the mixture of water and neutral 
solute. The total free energy of the system, inoludin~ the 
contribution due to the field of the ions, was expressed as a £uno-
tion of the distance r from the ion. The expression obtained 
is 
[ 
C>D dDJ 1 
v - - v - -2 1 4 dnl on2 r 
(34) 
0 0 
where N1 and N2 are the mole fractions of solvent and 
non-electrolyte, respectively, at great distances 
from the ion (r = co}; 
v1 and v2 are the atomic volumes of the pure 
components; and 
r is the distance from the ion. 
The other symbols have the meanings previously given. 
For a mixture containing a small quantity of component 2 
(for example; a solution of benzene in water), and assuming that 
component 2 is salted out, the following equation may be written: 
1n ~ "' - e2 2 [v2 ~1 -vl ::2] ~ (3'5) 
N2 ° 8i\kTv1D 









where N2 is the concentration of component 2 at distance r; 
expressed as the mole fraction. 
For an electrolyte which decreases the dielectric con-




av c. ,.-= 
f 2 1000 
J. 
(38) 
where Ji is equal to 
1~[1- exp-~ 4] 2 dr r (39) 
and N is Avogadro' s number. 
av 
For the case of an electrolyte which increases the dielectric 
constant (D1 ( D2), the value of J1 to be used in equation 38 
is 
(40) 
0 Note that f 1 = 1. 
Gross (33) has extended this theory to include the effect 
of the ionic atmosphere. 
3J 
Kirkwood (44; 45) has calculated the mutual electrostatic 
energy of a spherical ion and a neutral molecule represented as 
a cavity (in the surrounding dielectric) and containing an 
arbitrary distribution of charges. The theory, originally in-
tended for dipolar ions but generally applicable to neutral 
molecules, yields a limiting law for the activity coefficient 
of a non-electrolyte. 
In the development of the previous theories, the electro-
static interaction between an ion and a neutral molecule was 
shown to be short range in nature. Additional interaction 
terms of the London or van der Waals type must be considered more 
fully than in the present quantitative theories. Such interaction 
forces involve the polarizability of salt ions, solvent mole-
cules, and non-electrolyte solute molecules as well as the 
special force fields originating from any component dipoles that 
mas be present. 
Other Theories. 
The "internal pressure" concept of Tammann (84) was used by 
early investigators to relate salt effects to other properties 
of the salt solutions themselves. The increase in internal 
pressure of a salt solution was defined in terms of the ex~ 
tarnal pressure that would have to be applied to pure water 
in order to make properties suoh as the temperature of maximum 
density the same as for salt solutions. 
3Z 
More recently, McDevit and Long (59) pointed out that 
this concept should hold best for strictly non-polar non-
electrolytes and have developed a theor.y for this case. By 
considering that neutral molecules merely occupy volume and 
hence modify the ion-water relationship in this simple manner, 
these authors calculated the free energy of transfer of the 
non-polar non-electrolyte from pure water to the salt solution 
and obtained a limiting law fork • 
s 
k = s 
v. 0 (v - v 0 ) J. s s (41) 
-o 
where Vi is the partial molar volume of non-electrolyte 
at infinite dilution; 




° is the partial molar volume of the electrolyte 
at infinite dilution; and 
~o is the compressibility of pure water. 
A physical interpretation of equation 41 follows from the 
fact that the contraction in total volume, V - V 0 , which 
s s 
takes place (generally) on mixing salt and water, can be inter-
preted as a compression of the solvent. This compression makes 
it more difficult to insert the volume V. of the neutral solute 
~ 
and results, experimentally, in salting out. In other words, 
the expression is simply an explicit formulation of the long-
33 
recognized concept that when salt is added to an aqueous solu-
tion of a non-electrolyte, the increase in internal pressure 




Acetic Acid - Benzene - Water 
The ternary system acetic acid-benzene-water has been studied 
at 25° C (37, 38, 46, 49, 53, 67, 85, 89, 97) as well as at 
higher temperatures up to 120° C (31, 83). At all concentrations 
the acid favors the aqueous phase. Because of hydrogen bonding, 
a dimer is formed in the benzene phase. Moelwyn-Hughes (60) 
determined the association constant for acetic acid in benzene 
to be 180 at 2;P C. Values for the dissociation constants of 
acetic acid, as well as propionic acid and butyric acid, are 
given in Table 4. 
Propionic Acid - Benzene - Water 
Data for the system propionic acid-benzene-water are given 
in the literature. (4, 46, 48). The system exhibits double solu-
tropy, the water phase being favored at low and high acid concen-
trations and the benzene phase at intermediate concentrations. 
Bianoani (9) reports that a dimer of the acid is formed in the 
benzene phase. 
Butpic·Acid- Benzene -Water 
T.he system butyric acid-benzene-water had been studied (46, 
47, 51, 52). T.he acid favors the benzene phase at all concen-
trations. Fancon (27) has studied the freezing point curve of 
the water-butyric acid system and has determined the critical 
solution temperature to be -3.8° C at 40 weight per cent acid. 
A eutectic, solidifying at -13.4° c, contained 87.6 weight per 
cent acid. No hydrate formation was observed. (A monohydrate 
of butyric acid, c3u7coOH • H20, contains 83.0 per cent butyric 
acid.) 
Mutual Solubility of Benzene and Water 
The author did not determine the mutual solubility of 
benzene and water, these data being available in the literature. 
Arnold, Plank, Erickson, and Pike (4), using an ultraviolet 
spectrophotometer, determined the solubility of benzene in water 
to be 0.174 per cent (by weight) at 24.9° C and 0.177 per cent at 
30° C. Bohon and Claussen (11), using a similar procedure, ob-
tained a value of 0.179 per cent at 25° C. Gross and Saylor (35) 
found 0.185 per cent benzene in water at 30° c. The effect of 
many inorganic salts on the solubility of benzene in water has 
been extensively studied, and excellent reviews of the results 
have appeared (54, 59). Most inorganic salts decrease the solu-
bility of benzene in water. 
Joris and Taylor (43), using a titration tracer, found the 
solubility of water in benzene to be 0.054 per cent (by weight) 
at 25° C and compared their data with that of five other inves-
tigators. Umano and H~ano (94) determined the solubility of 
water in benzene at temperatures between 25° C and 300° C 
using an autoclave. The solubility increased to 40 weight per 
cent water in benzene at 300° C. Studies with several concentra-
tions of sodium chloride showed that increased salt ooncentra-
tion lowered the solubility of water in benzene. No detectable 
amount of salt was found in the benzene. 
Acetic Acid - Benzene -Water - Salt 
Rius et. al. (74) studied the system acetic acid-benzene-
water-sodium chloride. ~ Jodra, Otero and Sole (41) have made a 
very thorough study of the limiting solubilities of this system 
at 25° C and have determined the surfaces inside of the regular 
tetrahedron used to represent the data. The equilibrium data 
for the four ternary systems involved are also given. It was 
found that sodium chloride is insoluble in benzene and acetic 
acid and in mixtures of these two components. The solubility 
of the salt in aqueous acetic acid solutions decreases with 
increase in acid concentration. No attempt was ~ade to cor-
relate tie line data obtained in the studies. 
The literature did not disclose any similar work with 
propionic acid or butyric acid. 
Bury and Mends (17) have studied the system water-butyric 
acid-sodium chloride. As in the case of acetic acid, the solu-
bility of the salt in aqueous acid solutions decreases with 
increase in acid concentration. 
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SALT EFFECTS m VAPOR-LIQUID EQUILIBRIA 
Several investigators (42, 36, 10, 73, 72, 93) have studied 
the effects of salts on the vapor liquid equilibria of some 
binary mixtures. The addition of a solid substance to a binary 
liquid system will affect the solubilities and partial vapor 
pressures of the two liquids. 
Rieder and Thompson (70) studied the effect of KN03 on the 
ethanol-water system. A marked increase in the relative volatility 
of ethanol at high water concentration was observed, but little 
effect is noted above 90% ethanol. Potassium nitrate is very soluble 
in water but only very slightly soluble in ethanol. For this 
reason, no change was observed in the azeotropic point. In the 
region between 20 and 50 weight per cent ethanol, two phases were 
present. In all observations, the system was saturated with ~~o3 • 
The activity coefficient of the ethanol was increased while that 
of the water was decreased. 
Tursi and Thompson (93) studied the effects of Na2so4, 
K2so4 , and NaN03 on the ethanol-water system and concluded 
"a. the addition of a salt which is relatively soluble 
only in the high boiling component will cause a 
greater ease of separation between the components 
o£ a binary mixture. 
b. the ease of separation increases as the solubility 
of the salt in the high boiling component increases 
(93)" 
SALT EFFECTS IN LIQUID-LIQUID EQUILIBRIA 
Many investigators have studied the effects of electro-
lytes in lowering the solubilities of gases and of non-electro-
lytes in water. Excellent reviews of these investigations have 
appeared in the literature (34, 54, 99). 
The first quantitative statement for the salting out effect 
was given by Setschenow (76). In his work on gas solubilities 
in aqueous solutions, he found that the change of solubility in 




= k X s s (42) 
where o0 = concentration of gas in water (moles per liter), 
no salt present 
o =concentration of gas in water (moles per liter), 
salt present 
X6 = concentration of salt in water (moles per liter) 
k
8 
= a constant, commonly called the salting out 
constant 
In using this equation, c and c0 must be aqueous phase 
concentrations in equilibrium with the~ solvent phase if 
this relationship is to hold for distribution data. The equation 
has found widespread use and is generally valid for salt concen-
trations up to 2 or 3 molar. In a few oases, the validity has 
held for salt concentrations as high as 4 molar (34). Under 
certain conditions the equation fails in dilute solutions. 
Jahn (82) found that the equation 
0 
c-c=kX 
s s (43) 
expressed the solubility of carbon dioxide and of nitrous oxide 
in water. Rothmund (69) employed a simplified version of the 
Setschenow equation 
0 
c - 0 
0 
0 
= k X s s (44) 
for systems in which the solubility change c0 - c is small. 
Randall and Failey (69), reviewing the literature, reached 
the following conclusions about ks: 
l. The value of k
6 
varies with the salt and with the 
non-electrolyte. 
2. The variation of k follows a definite order for the 
s 
ions of any one atomic grouping. 
3. The Setsohenow equation is valid for weak electrolytes 
provided the degree of ionization is considered. 
Chase and Kirkpatrick (20) found that the equation 
v = k 3 X a . s (45) 
applies for the solubility of benzoic acid in dilute potassiUm 
chloride solutions (less than 0.7 molar). The quantity v is the 
a 
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additional volume, in liters, which is required to hold one mole 
of non-electrolyte in solution at salt concentration Xs (moles 
per liter), in excess of the volume of water v0 (liters) re-
quired for its solution in the absence of salt. 
Larsson (50} assumed that the salting out constant, k
8
, 
included contributions from the anion and the cation of the 




= (k + k } X 
+ - s 
(46} 
where k and k are the contributions to the salting out con-
+ -
stant by the cation and anion, respectively. A table of values 
of k+ and k_ for about 20 ions is presented. The cation is 
responsible for salting out while the anion causes salting in. 
The net effect depends on which ion makes the stronger contri-
bution. 
By far the greatest e£fort in the study of salt effects 
in liquids has dealt with solubilities of non-electrolytes, 
particularly benzene, in water. Very little work has been done 
on the effect of salts on the distribution of a solute between 
two immiscible liquids, a problem which is of engineering 
interest. Swabb and Mongan (82) have studied the effect of 
sodium sulfate on the distribution of acetic acid between ben-
zene and isopropyl ether and were able to correlate their re-
sults using the Setschenow equation. Two salt concentrations 
41 
were employed: the saturation concentration of sodium sulfate in 
water and one half of the saturation value. The values of k 6 
obtained were 2.33 (standard deviation = 0.11) for the saturated 
salt solution and 2.31 (standard deviation = 0.09) for the "half 
saturated" solution. 
COMPARISON OF EMPIRICAL AND THEORETICAL EQUATIONS 
It is of interest to compare the Setsohenaw equation 
0 
ln -;-- = ln f = k 8 X8 







If nt is defined as the total number of molecules per cubic 
centimeter and \J • as the number of ions of kind j per molecule, 
J 
nt ~.can be substituted for n. in equation 33 to obtain 
J J 
(48) 
Examination of the quantities in equation 48 reveals that 
2, k, and T are constants independent of the system; 
~ depends on the non-electrolyte; 
D0 depends on the solvent; 
2 ~ j' ej , and bj depend on the nature of the electrolyte; 
nt depends on the concentration of the electrolyte. 
The temperature is assumed to remain constant. 
For a system in which the solvent, non-electrolyte, and 
electrolyte are specified, the only variable in the Debye-
McAulay equation is nt' the concentration of the electrolyte. 
This corresponds to X in the Setschenaw equation. The constant 
s 
k in equation 47 can be expressed in terms of the Debye-McAulay 
s 
equation (48) as follows: 
(49) 
Several conclusions m~ now be drawn. 
1. Since water has a high dielectric constant, the activity 
coefficient of most neutral substances should increase in 
aqueous solutions ( ~ is positive). 
Much experimental data are available confirming the statement. 
2. The quantity ln f should vary linearly with salt con-
centration. 
The validity of the Setschenow equation supports this. 
3. Salt effects should be in the order of the sum of the 
reciprocals of the ionic radii. 
This prediction is not followed, and many exceptions can be 
noted. The hydration of small ions m~ be responsible for this 
disagreement. 
4. The salting out constant k should be a function of the 
s 
nature of the solvent~ the nature of the solute, and the nature 
of the electrolyte. 
Experimental evidence indicates that the salting out con-
stant varies with the system under consideration. 
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The situation m~ be briefly summarized. The Debye-
McAulay equation has the form of the empirical Setschenaw 
equation and leads to results of the correct order of magni-
tude (75). This shows that the electrostatic influence is an im~ 
portant part of the salting out effect. T.he role of the ionic 
radius is confused~ and the theoretical prediction of the order 
of effects does not always agree with observed results. The 
theor,y requires salting out in an aqueous solution, while 
numerous instances of salting in occur. These discrepancies 
might be partially eliminated if investigations were confined to 
dilute solutions of both the neutral molecules and the salts. 
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EXPERmENTAL PROCEDURES 
Preparation of Initial Mixture 
To a tared, polyethylene-stoppered Erlenmeyer flask were 
added l to 60 ml acid, 20 ml salt solution, and 20 m1 benzene. 
The weights of the respective substances were determined by 
weighing the flaSk and contents on a Sartorius balance, capable 
of being read to 0.1 mg. For mixture volumes less than 70 ml, 
125 m1 Erlenmeyer flaSks were used; for greater volumes, 250 ml 
flaSks were used. The order of addition was determined by the 
vapor pressure of the substances (see Table 6). In order to 
minimize evaporation losses during additions to the flask, 
benzene, having the highest vapor pressure, was added last. 
Equilibration 
Constant temperature baths consisted of ten-gallon aquaria 
insulated on all six sides with two-inch sheets of styrofoam. 
Using glass cooling coils immersed in the bath and a Bronwill 
constant temperature circulating system, a temperature of 25.00 
:0.02° C was maintained. Erlenmeyer flasks containing the initial 
mixtures were affixed to a Burrell "Wrist Action" Shaker fitted 
with shaker arms designed by the author. Solutions were allowed 
to equilibrate at constant temperature, with agitation, for at 
least twenty-four hours. 
ANALYTICAL PROCEDURES 
Analysis of Aqueous and Organic Phases for Acid 
A two milliliter aliquot of the respective phase was 
transferred to a tared, 300 ml polyethylene-stoppered Erlenmeyer 
flask containing 15 ml distilled water. The flask and contents 
were immediately weighed on the Sartorius balance, and the weight 
of the aliquot was calculated. To prevent organic phase from 
entering the pipet while extracting the aqueous phase aliquot, 
air was gently blown through the pipet until the tip dipped into 
the aqueous phase. The pipet tip was wiped clean with a paper 
towel before transferring the aliquot to the Erlenmeyer flask. 
After addition of one drop of phenolphthalein indicator, 
the aliquot was titrated with standard sodium hydroxide solution 
to a pink end point, using a magnetic stirrer for agitation. A 
blank was run on the distilled water, and suitable corrections 
were made. Class A burets of 5 ml, 10 ml and 50 ml capacity 
were used. After titration with NaOH, the organic phase aliquot 
was retained for further analysis, while the aqueous was discarded. 
Addition of the organic phase aliquot to the distilled water 
in the 300 m1 Erlenmeyer flask produced a two phase mixture. 
Investigation has shown that addition to this mixture of sufficient 
methanol to maintain homogeneity during the sodium hydroxide 
titration resulted in a value for the acid concentration of the 
organic phase which agreed, within experimental error, with that 
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obtained using a heterogeneous system. Therefore, all acid concen-
tration determinations were made without addition of methanol. 
Analysis of Organic Phase for Salt 
The salt content of the organic phase was too low to pro-
duce a visible color change in the dichlorofluorescein indicator. 
This change occurs at the surface of the colloidal precipitated 
particles, and the color intensity depends on the number of 
particles present. A quantity of standard sodium chloride 
solution added to the organic phase aliquot prior to titration 
yielded a satisfactory end point. A study of the effect of pH 
on the end point showed that the sharpest color change occurred 
at a pH of approximately 4.5. The presence of phenolphthalein 
indicator did not interfere with the end p~int. 
Three drops of 3% nitric acid solution were adde& (to remove 
the pink color of the phenolphthalein and to bring the pH to 4.5) 
to the same organic phase aliquot used in the determination of 
acid concentration. After the flask and contents were weighed on 
the Sartorius balance, two ml of standard sodium chloride solution 
(1.0 g NaCl solution = 1 m1 standard AgN03) were added and the 
flaSk was reweighed. To prevent coagulation of the precipitate 
particles, 0.1 g dextrin were added. The mixture was titrated with 
standard silver nitrate solution from a 5 ml class A microburet to 
the end point. 
Analysis of Organic Phase for Water. 
The Thomas Magnematic Karl Fischer Titrator, which utilizes 
electrometric "dead stop" end point detection, was used in the 
direct titration of water with Fisher Stabilized Karl Fischer 
Reagent. An anhydrous condition is indicated by an increase in 
the current passing between two platinum electrodes immersed in 
the test solution. 
A five milliliter hypodermic syringe with stainless steel 
needle was used to extract an aliquot of the organic phase. 
After the syringe and sample were weighed on a Sartorius balance, 
the sample was injected into the titration cell, and the empty 
syringe was weighed. Titration with standardized Karl Fischer 
reagent continued until one drop caused the meter deflection 
to remain greater than 90 a for 60 seconds. From the weight of 
the organic phasa aliquot and the volume of Karl Fischer reagent 
used, the water content of the organic phase was calculated. The 
solution was stirred by a magnetic stirrer. 
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FORMULATION AND ANALYSIS OF STANDARD SOLUTIONS 
Standard Sodium gydroxide Solution 
Two gallons of approximately 0.5 N sodium hydroxide solu-
tion were prepared by dissolving about 60 g sodium hydroxide (low 
in carbonate) in distilled water. The solution was standardized 
with potassium acid phthalate (Mallinckrodt Primary Standard) 
which had been dried at 110° C far three hours. Quadruplicate 
determinations were made. The solution bottle was protected from 
atmospheric water and carbon dioxide with calcium chloride and 
calcium oxide tubes. The solution was reana1yzed as a check 
before a new solution was formulated. 
Standard Silver Nitrate Solution 
Two liters of approximately 0.1 N silver nitrate were 
prepared by dissolving about 34 g silver nitrate in distilled 
water. The solution was standardized with sodium chloride which 
had been dried at 110° C for three hours. Quadruplicate deter-
minations were made. 
Two liters of approximately 0.5 N silver nitrate solution, 
prepared and standardized as above, were used exclusively in the 
analysis of the stock solutions of lithium chloride, sodium 
chloride, and potassium chloride, respectively, in concentrations 
of 14~ 18% and 22%. 
Standardization of Karl Fischer Reagent 
Sufficient anhydrous methanol (about 25 ml) was added to 
the 250 ml titration cell to cover the immersed platinum elec-
trodes. After the system was made anhydrous by addition of 
Karl Fischer reagent, 10 m1 of a standard water-in-methanol 
solution (1 mg water per m1 of solution) was transferred to the 
cell, using a class A pipet". The volume of Karl Fischer reagent 
needed to again render the system anhydrous was used to calcuaate 
the water equivalent of the reagent; i.e. the milligrams water 
per milliliter Karl Fischer reagent. The solution was stirred 
by a magnetic stirrer. 
T.he Karl Fisohe~ reagent was standardized daily. 
5J 
TABLE 1 















ANALYSIS OF SALT STOCK SOLUTIONS 
BASED ON 100' GRAMS OF SOLUTION 
*Lithium, Chloride Sodium Chloride Potassium Chloride 
!@9. grams moles grams moles grams moles 
2 1.970 0.0465 2.002 0.0342 2.001 0.0269 
6 5·741 O.lJ54 5.863 0.1002 !) •. 717 0.0768 
10 9.118 0•215 9.403 0.1608 9.287 0.1246 
14 13.68 O.J23~ 13o65·: 0.234 13.74 0.1844' 
18 17.61 0.416 17.41 0.298 17.llf 0.230 
22 21.2J, 0.501 21.33 0.364 21.00 0.282 
*Nominal Salt Concentration 
Concentrations are expressed as grams of salt per 100 grams 
of solution and as moles of salt per 100 grams of solution. 
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TABLE 3 
DIELECTRIC CONSTANTS OF SELECTED CO:MPOl:JN.DS 
AT 20° C 
Compound 
Acetic Acid (1) 
Propionic Acid (1) 
Butyric Acid (1) 
Benzene (l) 
Water (1) 
Potassium Chloride (s) 










Reference: Handbook of Chemistry and Physics, 39th ed.~ 
Chemical Rubber Publishing Company, Cleveland, Ohio, 
1957- pp. 2331-2341. 
s4 
TABLE 4 
DISSOCIATION CONSTANTS OF SELECTED ACIDS IN WATER 







1.754 X 10-5 
1.336 X 10-5 
1.515 X 10-5 
Reference: Handbook of Chemistry and Physics, 39th ed., 
Chemical Rubber Publishing Company, Cleveland, Ohio, 
1957. PP• 1644-1645. 
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TABLE 5 
SOLUBILITY OF SELECTED SALTS IN WATER 
~ Solubility 20° c 30° c 
Lithium Chloride 44.0 45.8 
Sodium Chloride 25.6 27.0 
Potassium Chloride 26.5 26.6 
The solubility is expressed as the weight per cent salt in 
the saturated solution. 
Reference: Handbook of Chemistry and Physics, 39th ed., 
Chemical Rubber Publishing Company, Cleveland, Ohio, 




VAPOR PRESSURE OF SELECTED COMPOUNDS 




Acetic Acid (1) 15.78 
Propionic Aoid (1) 3.335 
Butyric Acid ( l) 0.7183 
Water (1) 23.76 
Vapor pressure is given in millimeters of mercury. 
Reference: Lange, N. A. (ed.) : Handbook of Chemistry, 9th ed. 
Handbook Publishers, Inc., Sandu~, Ohio, 1956. 
pp. 1424-1439. 
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ME'IHOD OF CALCULATION 
The complete composition of the aqueous phase, the aoid 
concentration of which is known~ may be calculated from the 
composition of the initial mixture and the composition of the 
organic phase, both of which are completely known. The compo-
sition of the initial mixture is XAI' ~I' XCI' and ~I' where 
the components A, B, c, and D are water, benzene, acid, and salt, 
respectively. The composition of the aqueous phase is XAA' XBA' 
XCA' and XnA~ while that of the organic phase is XAB' ~B' XCB' 
and XDB• The total weight of the initial mixture, aqueous phase, 
and organic phase are Ill:r' mA' and Il1:s' respectively. 
A total material balance is 
(50) 
A material balance on the acid is 
(51) 
Substituting mr from equation 50 into equation 51 gives 
(52) 
Equation 52 is then solved for the ratio of the weights of 
the aqueous and organic phases. 
(53) 
Material balances on the wate~, benzene, and salt give the 
following equations: 
mA XAB- XAI 
-= 
XAI - XAA In:s 
(54) 
mA X:8B- ~I 
-= X:ar -~A ~ (55) 
mA Xn:s- Xni 
-= ~I -~A ~ 
(56) 
The composition of the aqueous phase is determined by solving 
these equations for XAA' ~A' a.nd x0A. A sample calculation and 
error study is include• in the Appendix. 
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METHODS OF CORRELATION 
T.he best methods of correlating the data appear to be the 
method of Swabb and Mongan (82), who used the Setschenow 
equation, and the method based on Hand coordinates. The Hand 
coordinates have been widely used to correlate tie line data 
for ternary systems; however, the literature does not report 
any attempt to use this method to correlate salt effects in 
ternary systems. 
Studying the effect of sodium sulfate on the system acetic 
acid - isopropyl ether - water, Swabb and Mongan used the 
Setschenow equation 
0 
s 1n -= k X 
s ss ss 
(42) 
where 0 grams of acetic acid per gram of water s = 
aqueous phase, no-· salt present; 
s = grams of acetic acid per gram of water 
aqueous phase, salt present; 
X = grams sodium sulfate per gram of water 
ss 
aqueous phase; and 




"In order to use this equation with distribution data, 




brium with an ether layer of specified acid concentration. The 
solution of acid concentration s must also be in equilibrium 
with an ether layer of the same concentration. Thus in the 
ratio of the concentrations, the effect of the ether phase 
divided out •••• It can be concluded that the nature of the solvent, 
in this case isopropyl ether, should have no effect on the 
values of the constant k , provided no water or salt enters 
ss 
the solvent phase to change the activity of the acid in that 
phase. Once values for this constant are determined, they can 
be used to predict the change in acid distribution due to the 
addition of sodium sulfate for any liquid system acetic acid-
water-non-consolute solvent. (82)" 
Swabb and Mongan used the following procedure to ob-
tain the quantities used in the Setschenow equation. On the 
same graph, the acid concentration in the aqueous phase 
(salt-free basis) was plotted against acid concentration in the 
isopropyl ether phase for the salt-free system and for the 
two salt concentrations used. At equal increments of acid con-
centration inthe ether phase, the acid concentration in the water 
phase was read for each of the three curves. The salt present 
at each of these points was read from a plot of salt concentra-
tion against acid concentration. The water present at each 
point was read from a ternary equilibrium diagram {triangular 
plot) plotted on a salt-free basis. From these data values of 
k were determined. 
ss 
An attempt was made to correlate the data of this thesis 
using the method of Swabb and Mongan. Data for acetic acid 
and lithium chloride~ sodium chloride and potassium chloride 
were used. Representative data are presented in tables 70 to 
73 in the Appendix. A large scale plot of x0AfxAA against 
XCB was prepared and values of the ordinate at constant XCB 
were read and tabulated. Twelve points were determined at each 
salt concentration. The ratio of salt to water in the aqueous 
phase was found to be constant over a wide range of values of 
XCB' a result to be expected since neither the water nor the 
salt enter the organic phase to any appreciable extent. The 
log of the ratio of XcAfXAA with no salt present to x0AfxAA 
with salt present was divided by X s to give k • 
s ss 
The average values of k for nominal concentrations of 
ss 
2, 6, 10~ 14, 18, and 22% lithium chloride were, respectively, 
6.01, 5.13, 5.20, 4.46, 4.92, and 4.76. There was also a 
large variation of k among the twelve points at a given salt 
ss 
concentration. At 14% lithium chloride, the value of k varied 
ss 
from 5.43 to 4.40. It was felt that this variation was toolarge 
to ascribe "constant" behavior to k , and it appears that this 
ss 
method is not applicable to the system acetic acid - benzene 
water with lithium chloride, sodium chloride and potassium 
chloride. 
By comparison, Swabb and Mongan, working at two conoentra-
tions of sodium sulfate, obtained values of 2.33 and 2.31 for 
k
86
, although values of k 68 at a given salt concentration 
varied somewhat. 
The term s0 in the Setschenow equation, 42, as used by Swabb 
and Mongan, is equal to the grams of acetic acid per gram of 
water in the aqueous phase, no salt present. In the nomenclature 
of this thesis, this quantity can be expressed by x0AfxAA. 
Comparison with the Hand equation used to correlate the results 
of this thesis, equation 57, shows that this quantity also appears 
in that equation. This suggests that the salting out constant 
of the Setschenow equation can be expressed in terms of the 
empirical constants of the Hand correlation as determined in 
this thesis. 
dix. 
The mathematical manipulations are detailed in the Appen-
The resulting equation fork predicts an inverse variation ss 
with salt concentration and a direct variation with the abscissa 
In short, it predicts that k is not constant. 
ss 
The present data indicate that k decreases with increase in ss 
salt concentration. At a given salt concentration, k increases 
ss 
to a maximum value and then decreases, in contrast to the increase 
predicted by the equation for k • 
ss 
'l'REAT.MENT OF DATA 
The data of this investigation are correlated using the 
Hand coordinates. Employing a linear correlation of two vari-
ables, the best straight line through each set of data is deter-
mined. This ttbest line" is the one for which the sum of the 
squares of deviation of one of the variables is a minimum. 
Volk {95) has given an excellent description of correlation 
methods and provided a background for the interpretation of 
these results. The explanation of the meaning of the correlation 
coefficient and the probability level presented in the following 
paragraphs is based primarily on his account. 
Assume a set of data~' x2 ; x3, ••• xn whose corresponding 
values of yare y1 , y 2 , y3, ••• yn• The means of x andy are .X 
and y, respectively. Using a straight line correlation y = 
1\ g + hx through these data, a value of y can be calculated for 
each value of x of the original data. The sum of the squares of 
deviation of y from y, I (y - y) 2 , is designated by ~y2 and 
the sum of the squares of deviation of y from y, L (y - y) 2 , 
is designated by r'y2• 
T.he ratio of the sum of squares of deviation removed by the 
, 2 "'"'2 correlation, ~y - £Y, to the sum of squares of deviation of the 
original data, t:_y2 , is a measure of' the goodness of the cor-
relation. The square root of this »atio is the correlaticn 
coefficient, r. 
f56.1) 
When there is perfect correlation between x and y, there is 
1\ 2 
no residual deviation of' y from y and r = 1.0. When there is 
no correlation~ r 2 = o.o. It can be shown that r is related to 
the statistic t. It is therefore possible to tabulate the 
values of r corresponding to various probability levels and 
degrees of freedom based on the hypothesis that there is no 
correlation between the two variables involved. The values 
of r given in tables are the maximum values that can be expected 
by chance if there is no correlation. The probability level p 
indicates the chance of getting a value of r as large as the 
tabulated value when there is no correlation. A probability 
level of 0.001 means that the hypothesis that there is no 
correlation may be rejected with only 0.001 chance of being 
wrong. 
The symbol s(y) designates the standard error of estimate 
of' log x0B/~B when the correlation is used (Tables 7 through 10). 
In tables 11 and 12, this symbol denotes the standard error of 
estimate of log A0 and B0 , respectively. 
RESULTS 
The results of this investigation are presented in tables 
7 through 12. Tables 7 through 10 list the values of the con-
stants log A0 and B0 of the equation 
(57) 
as well as s(y), the standard error of estimate of log x0B/XBB; 
r, the correlation coefficient; and Pt the probability level. 
Eaoh equation in these four tables is applicable only at the 
particular salt concentration listed. 




are listed; together with the values of r, p, and s(y). The 
equation for the effect of a particular salt on a particular 
acid is 





where a, b, o, and d depend on the nature of the acid, the 

























COBRELATION OF RESULTS 
ACETIC ACID- BENZENE- WATER- SALT 
XCB XCA 







































































































CORRELATION OF RESULTS 
PROPIONIC .ACID - BENZENE - WATER - SALT 
XCB XCA 
log XB = log A + B log x:--
B o o AA 
% LiCl log A B s(y) r p 
0 
.......2... 
o.ooo 0.45541- 1.5678 0.01446 0.9993 0.001 
5.743 0.9181 1.7273 0.01361 0.9997 0.001 
9.118 1.3098 1.9011 0.00489 0.9991 0.001 
13.68 1.8880 2.1275 0.01285 0.9994 0.001 
17.61 2.4323 2.3820 0.02004 0.9984 0.001 
21.23 2.6873 2.4068 0.02738 0.9967 0.001 
22 Na.Cl 
o.ooo 0.4554: 1.5678 o.Ol446 0.9993 0.001 
5.863 0.5699 1.4580 o.on62 0.9995 0.001 
9.403 0.8089 1.5416 0.01421 0.9993 0.001 
13.65 1.3238 1.8563 0.00731 0.9998 0.001 
17.41 1.6762 1.9872 0.01603 0.9995 0.001 
21.33 1.9860 2.0472 0.01894 0.9992 0.001 
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TABLE 9 
CORRELATION OF RESULTS 
*BUTYRIC ACID - BENZENE - WATER - SALT 
XCB X log~ =log A + B log .J2! B o 0 XAA 
% LiCl log A B 
0 
s(i) r p 
o.ooo 2.2739 2.2163 o.oo944 0.9996 0.001 
1.970 2.5357 2.1835 0.02041 0.9992 0.001 
,. .. 
5-743 2.8909 2.2034 0.01515 0.9995 0.001 
9.118 3.3183 2.2951 0.02146 0.9991 0.001 
13.68 3.6055 2.2528 0.03181 0.9990 0.001 
17.61 4.0692 2.3397 0.01900 0.9992 0.001 
21.23 4.1090 2.2318 0.02180 0.9989 . ~;0,.)0()1 
% NaOl 
o.ooo 2.2739 2.2163 0.00944 0.9996 0.001 
2.002 2.4565 2.1505 0.03290 0.9978 0.001 
5.863 2.8175 2.2290 0.02491 0.9987 0.001 
9.403 3.0898 2.2538 0.01578 0.9995 0.001 
.. 
13.65 3.3686 2.2487 0.01911 0.9992 0.001 
17.41 3.6141 2.2391 0.03226 0.9977 0.001 
21.3~ 3.9618 2.2893 0.03301 0.9976 0.001 
~ KC1 
o.ooo 2.2739 2.2163 0.00944 0.9996 0.001 
2.001 2.4264 2.1919 0.01674 0.9988 0.001 
5.717 2.5106 2.1378 0.02047 0.9991 0.001 
9.287 2.5655 2.0796 0.00647 0.9999 o.oo1 
13.74 2.7670 2.1020 0.00981 0.9998 0.001 
17.14 2.8782 2.0922 0.02076 0.9991 0.001 
21.00 3.1334 2.1499 0.01621 0.9994 0.001 


























CORRELATION OF RESULTS 
*BUTYRIC ACID - BENZENE - WATER - SALT 
XCB XCA 
log~-= log A + B log---x 






































































































*Data are for upper lines of figures 43~ 44, and 45. 
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71 
TABLE 1 1 







=a+ b X 
6 
A System a b s(y) r p 
HOAc-LiCl -0.9949 a.o2877 0.00668 0.9997 0.001 
.. 
HOAc-NaCl 
-0.9947 0.01403 0.00545 0.9987 0.001 
HOAc-KC1 -0.9929 0.00492 0.00750 0.9798 0.001 
HOPr-LiC1 0.3694 0.11093 0.09167 0.9956 0.001 
HOPr-Na.Cl 0.2672 0.07756 0.15081 0.9760 0.001 
Lower Line:* 
HOBu-LiCl 2.3690 0.08969 0.11670 0.9891 0.001 
HOBu-Na.Cl 2.3149 0.07707 0.03986 0.9982 0.001 
HOBu-KCl 2.2879 0.03687 0.05709 0.9841 0.001 
Upper Line:* 
HOBu-LiCl 4.8518 0.14911 1.56723 0.6389 0.10-0.15 
HOBu-NaCl 4.2232 0.21392 1.89591 0.8956 o.o1-o.oo1 
HOBu-KCl 3.9827 0.10799 0.88568 0.7231 0.05-0.10 
*Data are for lines shown in figures 43, 44, and 45. 
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TABLE 1 2 
CORRELATION OF RESULTS 
B - SALT CONCENTRATION 
0 
/ 
B =c+dX 0 s 
System c d s{9) r :p 
HOAc-LiCl 1.2291 -0.01149 0.03769 0.9361 o.o1-o.oo1 
HOAc-NaCl 1.2329 -0.01223 0.01973 0.9778 0.001 
HOAc-KCl 1.2046 -0.00314 0.01559 0.8364 0.02-0.05 
HOPr-LiCl 1.5301 0.04352 0.06003 0.9878 0.001 
HOPr-NaCl 1.4199 0.02866 0.12996 0.8872 o.o1-o.oo1 
Lower Line:* 
HOBu-LiCl 2.1706 +0.006320 0.05501 0.7081 o.os-o.1o 
HOBu-NaCl 2.1546 +0.006525 0.03074 0.8793 o.o1-o.oo1 
HOBu-KCl 2.1421 -0.001672 0.03973 0.3398 0.40-0.50 
Upper Line:* 
HOBu-LiCl 4.4262 -0.001511 1.06497 0.0124 
----
HOBu-Na.Cl 3.9625 +0.05984 0.68755 0.6034 0.10-0.20 
HOBu-KCl 3.7466 +0.29825 0.78486 0.3102 0.40-0.50 
*Data are for lines shown in figures 43, 44, and 45. 
DISCUSSION OF CORRELATION 
The equations used to calculate the various quantities 
needed to correlate the data are given in the Appendix. The 
!BM 1620 Computer at the Newark College of Engineering Computing 
Center was used to perform the calculations. 
The equations for acetic acid, propionic acid, and butyric 
acid (lower line) at specific levels of salt concentration (tables 
7 through 9) gave probability levels of less than 0.001. Data 
for the upper line of butyric acid (table 10) showed probability 
levels as high as 0.02-0.05. Generally, the correlation was 
excellent. 
The correlation of log A
0 
with salt concentration (table 11) 
gave probability levels of less than 0.001 for acetic acid, pro-
pionic acid, and butyric acid (lower line). For butyric acid 
(upper line), p was as high as 0.10-0.15. 
The correlation of B0 with salt concentration was the 
least reliable of those made. The maximum value of p for acetic 
acid systems was 0.05 and for propionic acid, 0.01. For the 
upper line of butyric acid, p reached 0.40-0.50. The upper line 
for butyric acid-lithium chloride showed no correlation while 
for potassium chloride, p was 0.40-0.50. 
GRAPHICAL PRESENTATION 
OF 















... ;=;::.' r IA-i+ 
H-ili-+tr H-·+ 
. :+~;r=:: :A 
q.. ~H- H--;:jl!-











__;_ ~I ~ 
-h -~~ ~t 
-t- H- I+ ±t+T c-i--r-;· ~ ''~-ki-=::;: i 
. .+1:~ +I+= ~!~~ ·-~ - -::=;_.,.. 




















~' -i • 
t-++-1-+-H-+-,_+~-+- + 





























- HI-• -tl-+ - 1'!1': 
- :-
:-f'lr:_ : -l- . -+;h-i·-+-+--<· fft - i-l·- f+ _j_j- .:-±jt!+,-i--<-t-t-t-H--1--H 
_j ,_j + 










_j ' ~: 
















'=t: ~ =J=r--t-+ j::f_ -- - i-f-






































' + j=q. 
r-:-- Tj +-~-I r ' ' 1 
' '+-~- 1- ! I 
' + H- -HT.::t ' h-:-:_: - ---
_j___ 4-- J- 1-'_Jl+-: -:; -"-•-+ 
ff #fi- i-t--,- r---. ~ I -:--;:-
---t-
83 






. ~ ; : :~ ::• ii!li't: .il! t-1- +- I 
j-l--1 ~;:: .• ,,_,i 
I 







t· jj .... 1-ii .. ,_ 
I~ 
1- ~ li I 1·-7 .- i~L 
17 
6 
I 1.1 ~ ' ;.._; ::J 1: 
'EI !l 
5 H :::--1! 
ill I!· :, 
4 
~~~~ Li' t:(r:-.,, ·: H ·~ -! A-
1 fi'L 
3 
,_, I ~j fr 
v:~ 
2.5 
l=t ,; [~ fl y ,, 
~ t.±Y.' •_:_• 'I 
_l_ L~~ ~: 
2 ;; :'-;~_;1:·;,,:; 
., ~~::::: -:::::::1: .,.;:~h: 
'' · i; r:T:_ I; '' 1 :r,:~ l~i=~~ I:~ 
1.5 
11-: --~~-·-• ..:_~-h~j.· .. ,~~--j-1+-' 
1---l!~.l.r--1-1-Y-l--l--1--•-l--tl ~t l:i~ :::::" I~; ' Cl 1: I! 
::l~~tut~t:=~=tt~t~~:r~l~~~:·-:~,~~--l-:: .. =·::c'·t:=~-,,~----~:~':'·Lh~f~'-~~:J:~R':~~:r:+~;l%~~~~~m 
i:~ 
I I' 
.:.: : ~:~] ·:::·-· ·:·: ____ ~_;_, __ ~ Ant v.~ ; 
8 
jH- ·"-:-~::- ·-~ ,_,_, •·•' ,_j 1-·-··- •; tl 
,_, __ ;__ ~: ,. ;,_, 
7 
6 
---· ·-- ; ~-:::;_:::_ _; :. :.·:::: ,.:.:_ ;_: __ ~-:~ '---=~= l-=!-=-·~~--:-1-'-· .:... +-
li ;_;: ::..::'1-:::..:r --- -+ :-. __; _;c:_;_~='- -_:::C.: '-:-: . -' ' :::-:~ -- 1::. ~~··:_::~: e;.:: :;·: l-1·'17':"2'_-:- -J 
;J.:;-~-.~ ,_;_;_;_: -~~ --· -:~~~:-- - -~-~:-·1_;--~ 
. :·: . _, _, . ·-· --~---
.--::;- ---···1·-.. ' 
4 '--! c ---








0. 1.5 2 2.5 3 4 5 6 7 8 9 liD 1.5 2 2.~ 3 4 5 6 7 8 9 14 
FIGURE 13 
84 




























~~ , __ T: : 
1
: i->, 





~ :l':i l·v 
7" :c. r~. 
/ /( 
~ Y,_, A'f::: r~ 
1:':··:, 
H~~1++~1+~+~~~~~~H4~~~mfttit~•iti±~tt~±H~till4~~m .. 1Ct1~:v~~/~~~~~~:~/."Lt~~~~ ~ Brl I . I~ ! 7 / :~" 
~ ~ ·~ 
R 








1-•-::- ,, .. , 
'···-·--· i 
7 8 9 cO 




·-1,...- ~·-··· J 
i, 





































Ll·l 1.5 2 2.5 3 
BS 
ACID- BENZENE- WATER-POTASSIUM CHLORIDE 










IL : IH 1 1 
I ~t~;~~~ !~ I H-~ , fm!'-i-: I IT I -i I./ ;T I 
I l ,i I I,/ ;; '"' i ~ ' ! I ! • '' I I' II 
l:::t..;-:; :f. ·-~==~ 
-~~---·-
+-~ :.=-:-··- . -'~-~· -
~-~----c-'_;_: :::.. 
-~'--:~G.., ........ ·· 
jltt- H~! 7 
_, __ ~;---
' ~I==:= 
~:c:c.c~~- 1-~ ~- ---~--= ,;_,::;-=;::;_-:ic:...:...2::"-;- I :- ,·T:=~:..:_I_:_ ___ .c!:--':::-
'J·• ·-t-e--e--;:.=: --'-" 1-·- .:.- --- :·: c_;_;_:_ ,---c--· ·.c.;. ·• --'--- · ·• · I·+ 
C-;:;::c :~~;.; . ;_. : -~::-= 1::..: ___ . . . 1-~--~.:.:. ·-: ~--'--' 
'"--· ....:::;:.:.~: 1-~~ _, ~~:::-::: 1~::: --1-._ ·-·•-'- .... .:.~-· 
.. ____ , ____ :--1::::::..:..::::: .. _, 
··1::.:-::_. ;_ ~=~::._:-- ~--
1----~···1--:-1-·- f~-:1-' ·- '---·--· 1~-----· :-· .. :..:: -·· ·- .:! R--;-:;::;:1::::::;~-
-r------- --;- 1-----·--
1----:---:-
:-..:::::.;=:::f~ 1-----c ·i- c==:=• "'-; · 1- · 
--·-- :·-:-· :::.-:-:-" ;:: 





·-· --~ : .•. :'-- :::: ;_;_ ----c--- _____;__ ___ 
= •_-:-c :-:,-:-;::::-= ----=~ :··. 
---~ ·-· 
-- -~-' ~;.:.. --~-' !~::;:;- .. 
-- _,___;_,_ ,._, -·· ' 
·-·-· --. 
·-· 'i ·-
. ' : ~-
_ ____: ___ :::::--·---·-- .. 
:::::: :i~-~ 1:~.-~-=-::J .. -L. __;__;_,_! 
::+~·!-+--- ~--
--·-·-· 1-·---'------- . ~ 1~- ·-
: ~ rli_;_: '--~[1~=1: --:1·· . -;-:-t---:-· I --:-~-'----- I --
-----
:,.,c , ... -~ .. .. 
. '! --· 
I "" •C o •<• 1: 
~---1' 
-r i i :' 
[T 
-r 
·I ii i 
'· 
;: ~ I 




·-· ....... ± 
t-Jl.-+ r 
,-, rrl--r,_, l+f-i~ 
. : I 
; 1: ,· 















IIIII I II\ II 11"•1 II ""·r lr"" • 1,. '" ""'II"' 'IIi I ,.,.. .... I • ...-I, 11- r ~ rrn 1 r 1\. I \I I IJ. 1\ I '\I 
: 
Ill s;;1.:;;: 11:0:1" ., .,.. :~ lr. rc !',Jl ll T II-
"' 
; .. i ... 




















~ i/ : I 
D I I I I 
b( 
i 
• I I I 
, I 
I I 
I ~ I I I I 
I l i 
1+- I I I 
1-1 1.1 I 
,I I 
I 
II• I I i II 
I v I/ I I 
I I v ! I 1/ i 
-
FJ I '/ . I : I 
1::: / ! I 'l I 
2 •• 
~ ,I 1/ l)jc jj ~ I I I 
1- v I I I 
IL ,I I"' I i I 
~ 1/' 
,I ~;"' I 
~ v 
~ 1/ I 
I/ ~-· I I 
ll 1/ I I 
1/ I/ I I I 
,~V ...... v I i I I 
... / I I I 
ll ~v I I 
,v ..... v I i 
.. ll ""'~ ~ ! I [/ 1 ... v Vv -~ ~~ K I *~ I i . I ll vv I--"'~"" !-1-t-- I ·~---' 1---' ,_1 I I I I i I I I I 1/ j,.oo~ ' ' t- ~ 
lit/ . j,...o~ I' I 
I 
1 I l I I ; I 
~ .~ I 1 FI1GW RE:+-




















:+-~~~ ~t .: ' -l -1- -1- >-:t· ;:r-o- n- ~--- -- i- -•+-f_++.++H-i+H 

































' -l : -,-- l--1~- -;-' 
-+ 
-l-1 













f- -!-W-•-1+ ~ -~ I 
' +-t- . .L 

























































-++- j::j:j__l -1--. 
~ . +t-=t 
















:~. - ' t· ·t 
-!-
. t =i=' 3 nh:t:J_ ..:.. -~ _~tt~tttj:::::J~ + 1= 
1-t+H+I+H -~--1--- ... L L . " I c jl 






l::t_t. ' ~J:J r't. 
It~-~ 
































,_, +- - t-
1--'-+-1·+ ..1--i-.,-h:*±: -t- + j 
--;--. :I++- -+ f--
I 
-I 
:~4-t-H:--~_,- -'---H ~ 
+ 
95 
t-j h- ·--1- ~ 
..., t'!!i-+-(+~· 




f-j -t. -+l ~+t 
+_;- t-+-
-t=r -!- : --+-
-~t­
r:+ 
f+- r+ ' 
-f-H-.L-
+-<-t- ::r 
-j- -r-1- -1 
,-
+-[ -·+ . -.-~ ::t= 
-H-- K'"---:--r' 
H- · H- -j 1-11-r 1-1 4f-, f+-4 _, ~ f-' 
t1+ ~+ . r-:-·+~ 
1-f-+-i. r,:-.tr +l:fT~ ~~ 
HI+ 
. 1--!- h-+ 
' 





















1-·- I~: ;, 
I 
I 
::: ':::t!: ,~; ~· 
;_,_,. ·;:f -':r ~'~::- ':: ; :::- .. ~ .: . ·- r. i ' 
' 1-'. :_;:; ~t-·+~~ . ; ~- '-· •-'+;-
. ;o.LI· :-~ ;-:::..::-;:: ·/ IJ' F•Y: r-,::- '" l;:t-'-; ~~ .. -..;. t~:~v·::::~-::~i=~•-•1~=~ ·- f-o-1 ;_._,:_;=::q:~ 
1~;·:~ -:~,-: ~-~·-· 1- --~ ·-·-~- • ·· -· ~=•(!- ) ~r....o.:.;'~~·-· ,: : ~-=--·-~--·-· +· :-r-
,, !!' i ! •.• 1 I 7 : . -,;-! •.• =:-~: C.~.~-=-2-
-· ·:-:-:.1' '. ' :' : . ' I (; ,. ... -· ... "-· ...... ;·· ··----·· :~H ~ I''! ->-'-1··-tl+ :: ,. '''; . , ,.,,- 1-•· I·· -~.l.o.:..l. ·. ,, ·, . ·· ___ ,_,1:-; .. ·:~: .. 
, ;I;:;:. : ': , ... •-:. · : . , .. -/: '[ , · ·· 1-,-_, _ ·:·· __ - --·j~J:-.;:± 
. , --- / I' -r~ ·~~.~~·~ ::l:-1:-: 
' -...i .:,: :• . ,:, . .... •• ~. ··- .---:...;,.: ...::::. . ··r::::::: 
-·- ''- l_ ;_, ' ~ ... --·-· ' ' ,::; - ,_;--:=-
!! , .. I· . -·- :-::- r:r :;_: 
I ; ! • ~I - ' : ; , j .:=:: 
1 ' : '_, ___ : · ... -~ 
tl ' . . . ·- : ' .. _;_;t 
:- j• : llh ! --------:-.B:J~ I ~0 7() -~j= 
··I·-~-··.. . . I ~ ·· 
.•• :l ,, '. :: .· i 1--·:_; 
I 
j-· ~rn: ~:: h·P~-.~t\IHl . PI-4L\ ~p 
~ . ':' ':.. :-:-- . : . ,- ·:: 
' .. ·: ::·: :·: ·.: . : ·: 
,,_ :: . ' ·: .. 
ll ,,_,_, ··. .. 
T ;ii 1 \r:; ,; .• ,.. . i --E:IGltRiE --2,;- ,- --
f-: 
,J::·- _f-~ . 
~I'N.J-_1 ~>+I++-Hf+--Ht-f1_ t---
el 





















I : ;-~ i_::_-:_ 
,_,_._,_ i+ 
r- -~ 
f·: ~ t f-1 .. ;. 
: 
:-: 
,_ it~ --;:p 
.~~ ::;!.. 
' .. -:· ,_ =~: 
~ ,,_ :-;-;- -·- 'f !_ 
_; __ :: r-·-- :_, __ ,_ ,:· -' : ~ 1--·--






;- ~ •• 1-· -;-










11-:·:~r-: -;.~_'-:~ ·~ 
" 
It ·; 
~~-~ 1-i- ; __ , ... 








PROPIONIC ACID-BENZENE-WATER-LITHIUM CHLORIDE 
HAND COORDINATES 
~. ~l r~k-: U: :~~ ~.; t-'- l-1- '~ I I';; lie i~i ; :~ n: 
H ~fl{f .. ;~ I'' 1;:: ~ 




,:: U+~ i 
1 I. !f: ' !' 1~ !J 
1--
I li i ,- lr- + I• :-;-
I• r-• 
.j I~ ·I· 
4 
fi f-: IJ.; 1-: ·-1·1 ·I Li.:+ 
i•lt fi .l I 
~ ;,~:=r l1~' 
t~ :: :: 
f ~: 11 ; :i 
~~ ;c.e 2.5 
~! · ~~:rit , ___ ,' 








I I ~ 
' 
1/ :I 'fl 
i 
'• 
I ' ilf! I ;, I I 
I::: .:::.::-:.,. ::~-- ;;;.I_;_ 







---1····· J I 
·-·-(-·· ·-~--- : 
6 7 




~- _, c-! ... 
' .;-.. . . : ·~ -=F·· 
:-;~:--' . ·-+-·/--· 
4 ' ·I , ... 









'I II I II 
li I I I 
I il I 
























PROPIONIC ACID- BENZENE-WATER-SODIUM CHLORIDE 
HAND COORDINATES 
!--' ~~l ~;JL~~ -~ ql_ ! 
:i· I'" I~ .; 
,._, ___ ·" ;_; I:;:::~~ I· , __ ,_,_ 1-1-
:-+ 
1·: ~~ '~ I:~:~~~ !' 
lr:i··- :-
1- ~ ii_ ~: L 1-J. :-_;_ 
\ ;~~: 
I :r;: :~L!~ I :~ 
~- :i' .;, ----;;- -..;: .;:;1 ;_ ;-1 1--
·-· ~~;:; ::' ~I 
! fill 
1-
1- l:!i 1-i--l~jii L~ I .;j_j 
,__,_ H-+ 1.,, i: .. t'" f--: I 
lr y-c )I 
I 
1 ... I 
IJ ''II' Ill- I 





., __ ~,_-;·-· 
, __ -~ , ______ ,_,_ -f -----
_, ~-f .... 1-
~ --·_-F-· -~--- ~; -~-~) . ' : :: 
1~-. 






1.5 2 2.5 3 
jJ 










































1.5 2 2.5 
102. 







I 1- '--1-- 1-









. ·s: _. . 
-~ 















f-C'. i-- I= 
i--1-i--- --
1~1-~- -1 - I - _' __ : -/'~;- -~--J- -1,·-- t -~1 f_j -: ; -v ,_--i- -r#j---(, - -·· · ~--).__1 - -~ -+-··L 




~._J_;.- -~--i- J_ ~-~~f--1- -r-~~-e--l-'--l--r----·-- --- ~~-=-:J-T-_~-~~~Tl ---~f- =t-1=: :J -~ri-=r.,f-. -l~'- _, -~ -: n. i-+- j+rt- -r : :--i--




- 1- ·- - --
l04 
9 
-f-i · -----!-- 1 ----1--!'J--~--t--l-- "' ±b~l--++--l-i-1+---t--1---l--f--+-l-1-+-H-l~: +~=!--1--t--f----- ~~---- ~ --H-- -=J-~ :1~= -=-== =r- -h=;=r=l~=~~~v 4 .II - -"i=rJ .. -+-:.--~:~~-+-t+-- -+-~--
1--1--l---l----l----+---1--+-!--1-- -r-r ----- I - --- ' - -:-j--j r ;_,__ -:-·r-+-r- -r-+T-~-r---r--+-L-j_l--t--t-~-+--1 
1-1--i-1-' 1 ! - -P-:-r- -- 1- --1- --1-1-t--- -t--1- -- __ ; --l-~- 1.- ··I-- 1 _ ~-r-r ,_ I • ' I t 1 -L~-i-+ 
__ ;_ . ~--- . --T---;. T- -1-f--f--- - ---j-- -H--1-·- - , T ·;+'- -- r--t---1 -· I I ' , ; i I 'il--+--+-~-+-, --1-t-1-+-1--+-!1-1---ir~-,-- -- --r-~--::·-1-t--1- 1 ~- - 1 1-1 ,_ H-!V! :-j--~j i 1 r ~-~-i-TT 1 1 ·j -~-H 1 1 1--1--+--~"""'-r---i- .~--- -r-r -n - l-l- -+- -: r 1--: . -i/1 I ' I 1 r r !Ttl---h---1-t-
I-I- r 1 ' - 1- --l--l---l-l--,:__ 1=~:::t:"="', i- -1~-f-~~-l..:..L:-/. : ~--=r--=:-. .:.t= -: · _.;__l_r I- ·-r- rt-_. _J-_:_:~-~-i::::;--+-lo"'' +-1-t--1-t-+-t---f---4 .. -1-- ---.--' -r--1-i'.::_~ , ·r .. . ~+~- ·- - -+-r--+-
, __ -1-i--1--- · -t--:·- · -",-r-t-11--:--·-r -, .· ,:_J I ---t-t--,--+t--+--+--1---+--1-
'--+-i--+--;I""U"f-f--+-_-r--1- :::::l~~.::::t.·==~- -!.--·· -1-t--!=~.:_ -j--~--J'f=J- =~.--::Jtt-1- --' , -' ·+ _,_-=l-t:-F·+._--+h-J-+--+-,_--11-----
11!'1' ;- -1---r·-t-----r-l--·--+-i-1-. '- 1-rl----- _ : 1---=--r= J-+-+-f--1--l'~iil.f--'.. --~- ~-=-=- = -,--_~t =qA--~-~~~'-'~l--~-=!~ -~~-~ - - ,..-:- -+-- ~1-l+-. --~-___._---~_-_+--++, -1'---1 
05-
~- -1--,-- - I 
-1---1--t- I 
1-t-1--1- 1 1-1-l-1-
1-1-l--'- 1---- I I ' I ~~~~~~~~-~-::~ti-~~~-~_A_O~E_._:O~~-:~_H _ r~~~-:D_.~~-o_.T~.·-~_A_T~·-X~~r~~~q: __ ~§~_ 
1-+--•--l- ... --,--! 
' '! 1+1~-=f:Au~~qt A~L1DR1p~ c<;>INc;ENrRATioN (~oLE sAsls> · 
1 : . ~ __~_~_:- : 1 I t-t-+--1--1--l-~- >~-I - : I I 





+. • r--+-' 
-I 
+-





+-+- --11 lt !----j+ H-r- 1 
I I= · 1 ·-+J E"=t- I-+-'.- -H ~+/ 
-r. ~f~~~ tf=i-7~=~ 
--+-t ·~ _qj ~~~ i-1""'-1-+-I.J--1 :.1-~~ 
+-± + 
11·: I 1/-· 
JL J::;±· y 
' -f-- ,,. i H~ !::t±l: - . H_;,_ I+ 
- H 
1·1 -/ -~j I+ ·-:- •-+t tg--,--, ++---t-~-~ ·:.__,- 1--'-- · J::±:: _.;=-:- __ , ___). i -• ,- t---l+-I.L,_i.J 1--i- j·j- ~I 
-r-J+:- --+--- • ' _,___ [-t-1 . 
11:-H 







-i---fq- ; =; 'I r-· + 
-1 
-+!:' - -t~ ~t,l-; ,_ 
+ ; ~:~+ r=r~--+ ~:=r: h-i 
- .L., .. r-r-~:-•-i-1· -· i --









·j· I f-f· P=t=r- y~~~~-+-1---h--l--H-+~ 
,. '--+---j -+ rgt-++--++-H--1--+--h! 
I ~-+I H+tr+~-+-1 
+·+H-~-+H--l--l++-1-+--1 
--q:+-1--+++-W--1--1--W--1--1 
:::: 1:· : 

























L [jtr -.f-+-1-H-+-H-+-tl 
j- J~ ~f-r-·-
H--~ 










- - ~ -





1-i- ~\ 1 t-
-I-
J -_-







' ;t-('; I 
_jJ__ 














~: I, .Lr: TI 
::li 
' : ~: ' ; , I ; ~ ll : • '; I : 
; ::: fiL:l __ '·. II' [:1 ll;_;_J_ ::; 
'I::,. I I~;:,; ~j : 
,:.:} r: 
I •· • 
I: ' t:i 1 i.1-\ I -t-f-1-IH-+ II 








I •\ I 
-i \I I 
f 
t" 
, ___ ; . 
. ;_;_ ,..:_ 
















I ··I ~. -~~ 
•v.-•- -:---:· 




·-· ,, •. 1 
,_, 
. , . -··:: ""' · · ·~r·:~ll" 
•+I+ , ,_; 
lr 
1·:•r:l 
iii. :.i-i c ,_;_;.. ·-· t-
·t· "" 
i.:.i..i.i ~+"l-J -!+~ .. ~~ 


















~ -:1- :1: 
Y-f!-- ;::~ 
·j----4-i-
f-t-1-H- H- -l 


























j +'' ,, 
i .: 
i I 





T! : :~ 
1:· 1:· 









r ; ::; ' . :- :: t · H;- -~ ' 
-!- L :-:-•--:-· ~- ·!·:-+ ·- ) 1-· + _;_ :! 
-· : ;::::; . -- '! .-~ 
I -~. ,_I" t· 1L I'-: :-
·1 :- :1-lt :j ! -ttl~ 
_; + ! f+lj" :· 
! .: - .: '.! : r 
1 i. i ,; ~~~ ~~c i::!;j.:,ll;:::;:-;_j t~TLTctl:-t!~f;' 
;: {; :_!~ ~~!t1 J! r:: 
_;:t:h~~ 
' : ::-1· 
- .J ·-•-1--·-~__;-, 
.,. ·: -~ : ·-,- ~;I :; ;:.;:_;~: ·t:·• ·:-;· 
.-- 1-· '"f'· ~· 'r·-.c -.-
f.--1 1-1 '·-- . _, .. ':::: '- ·•· :· 
-- ::: • . ': ---- --t· -'-- ---
·-:-· /-:-: --::-: /---




.. -~ -/+_;_. :._ 





BUTYRIC ACID-BENZENE-WATER-SODIUM CHLORIDE 
HAND COORDINATES 
'i III ,7 :-i!:; F• l]li I :1 ~:_t i J:: :: ;i~ ~~ 
IT!:~ !-n-:-i 
,_,_ 
l::;;-j I' [---1-f-t- . 
I-- jjt;; l~j fi ii j T !! I!-'"' 1----r 
ttl: !iJ! t IH:~ ,,; -: I Hij :~: i-
T p;~ iT 
• _,_,, 
6 I~ : t 





h ,. ;,,. 
p~ 1:1 1 . ~H-:·~! ,_:.,-·-q-.,~~-1. 
2.5 
1.5 
='1~- ~;::__::_ : ·I---- •-~ 
.~-:-_:=;::;; r;~ ~ ···-- : " -· 
.-~~- •+ ,_ ----+- +-
;·; .. I· 
~. -: ·""""'---:-----· 'I, :, 
j::ji'-..;;;.;:_,, . . ~fc 
·-- v;-__;_:_;____f--'--_,_ IF 1:·-- -
.-) _,__; __ , ·- . 
. I 






























- -- --·· --:,_ -- - 1---j 
---- -·-- --t---- ------~-~ -_ -=_c-- - 1---
----,== ~----= --:-- - f---
r---t--·-- t-~f- f----~1~----- ~~-~ 
I--f- - --+----1-f::-_:__ 1- =-=t= 
1- t--f-- 1- ~-I-~=- ,__t--:==t--t---~ i-----i-_:-=-,-- 1 
1-r-------t------ -1-~- 1- i---t-'- l--t----t----1- t- -f--~ 
f--- _C--t-
. _ I- _ I l- 1-t------r-t------ t-- -
r-1- ,----- 1--1-r------ -~f -f- t- . t--1-- i---t-- -:-
---l 






'==;=: i=T ~ 
= =1'---+. 
t----i----+------r----=.__--=t= 
~ !01\'1:~ .-=Ji=•-:..:+==: -t--t--
f-- ->----
r---+-- - -- f----i---1= 





f---- • c--+--t--- --~ 
-----
l-+-+-+--+---1--i----+----l-------l-- - I 1-l-~-f--+--ll-+--l----lt---l-----lr=t$_ == ~ -=:1,-=r~-='=;= = ·- {;~ {;:-j:HJ.H--+-,.r+--1-+-f---l--+--+---+--jj/~l--+-+--1--+-l--+--+-+--l--+-+-+--+-+--l 
• r -- f - ---· h7 -~-~- -+-•--t---r---t--J~,_,--,-f----l-+-+-+--l--l-+--1--+-+-+-+--f--l 
1--- --- -1--l----1------- ----·--- --~·-,-· _ _j_ --: -·- -'1- -
f----+-+--f---t-+---1--i-f_---- 1-- ~--- -f----j-----l----J-·---:---1---+-- -·1------- •··--·- . I / 1----4----+--+-+---~__J -.f.,·-_I I -i .___ i -_· -- - 1 ---- ---_ T+---1 ._·-+--- 'r/-1- +-~- -+ I I ,----+-----. 
I t I rr:· . ·- ;----!- -r-~t- -·-+ I I f/i\_ll,.,a~ td-f--f-t- -1--+-+-+----l----+---+--+-+-l 
f----1--t-i--;'--~--'·---' .~ !- -t------+--1-- -~[:11--------- -l ~---~--i ·.· -1. -~- -~- i- -+-~~--1- -i+t-1 1/ .,.l'""l----l--l----l--l--1·-l-1---1---l----l---l-ll---l--~- --t-- ------ri---1 . - -, -1 -1 -~ -"i 1 I +-+---~! -i--+----il-+-+--1--+---lf---.f.~-i--+----if---.f.--l--+-+--l 
l-++---+-+--1-+-1-+-l-1-+-+-- l-i--1--l---l--l--+---l-j..__.j_--+--1-1-L-L:1_1- _ r-t-T . _ -~-H 1 !' --~- v 1 1 -l-----+--+---+---+-l-+--+--+--+---+----l-l--+-1 Z--~:Et=t=±±~a;::t=t;ii--iti-_+~--t-l-4ti-+f-il-=t-l--=-~~;*;~~~t;~~~~-±~---=t=-t:n~ =1=1 ~:--~y-=r-i-f=-n~: =~~·~ ~ --=1V!~-~~---=1=:::::r.-+r'·+=bl t,"~'f;f1 21;f1 ;f1;t~j;~;f~~J;f~r~ -=t-~ =-~'"d+=-i+-=1-=1-~---:::J-~ 
1-t------1-f-- -+-1----t-+. -~--------1----l~l::.: + f- - ----1-- :-- ·--1- H t·-l. -t- -i- -r--::-=t=J ---t-t--,-:- ~Vr- ~ =Tt=t=t=t=!~=t:~=:t:t---::t=lll=t-1-=t±l-::jl-=1 1--+---+--l--lll~+-+-j.,f---.. ~-= _----1--[=r- r-------1--l-t++--+ I f=j_,: R-+- Ti--~-=-f~=~-1- t--__,.-t-+-+-+-+--+' +-+-J-+--t--+-+-t 1-+---+---~--'~f--+-+--~ 1= --+-' 1- -i-- - -1-- - 1 1 - - " - - , 1 -- -1------ - -'1- +- -FR-:. --1-t - -1------f---f---- -•-r----t-+--1--f----+r----t-+-1---l-l 




:=t--4 . -+- +W- v-~~·--·--~~--~ ·- v 
1--f--t- --t=r~~-j~= t+F~~~ =r_=-~ - . I ~~ : -- . -. . -
-~ -----:-- . I I ' - ---: ; --- -, . / 
--· ___; __ , ____ . -1-,-c~-
- --~-
1------r---------
GR~Ms--· UALT PER' 'IOC~ GRAMS 
I 5 0 15 
I 
·sA~ T. + WA_t-ER 
I-- -- --t-- -1-,-+-1-
! I 











-+' -~.l ~..1::::_~: ---r ff 1 . • -~ty·=~~L / . =t=-=L- -t-f----l-:-1 =r---1-~-i- -.:::::. · .t-::.-.1=-~ ·--r~- · ··:·- . · · 
l- -r··>- . 1-- , f-----~~ ·-1- _j_ --·-: 1-! ,_, J -+ __ , I -,- ·--· ·-






DISCUSSION OF RESULTS 
The effect of lithium chloride, sodium chloride~ and po-
tassium chloride on the distribution of acetic acid is shown in 
figures 5 through 8. Similar data for propionic acid appears 
in figures 21 through 25 and for butyric acid in figures 35 
through 38. Figures 8, 25, and 38 show the effects of 22 ~ 
salt solutions on the salting out of the three acids. 
With salt concentration expressed as grams of salt per 
100 g salt solution; the order of effectiveness in salting acid 
out of the aqueous phase is 
LiCl ) NaCl ) KCl 
The effects of a 22 % potassium chloride solution, a 14 % sodium 
chloride solution and a 9 % lithium chloride solution in salting 
out acetic acid are approximately equal. With butyric acid, 
solutions of 22 % potassium chloride, 14 % sodium chloride, or 
11 % lithium chloride are equivalent. A 14 % sodium chloride 
solution was as effective as a 10 % lithium chloride solution in 
salting out propionic acid. 
T.he effectiveness of salts in breaking the double solu-
trope of the propionic acid-benzene-water system may be ob-
served in figures 21 through 25. It seems that the solutrope 
at law acid concentration is more stable than that at high acid 
concentration, since a higher salt concentration is required to 
break the latter solutrope. Vriens and Medcalf (96) found that 
addition of salt (8 % sodium chloride solution) removed the solu-
trope in the system pyridine-benzene-water. 
The addition of salts changes the system butyric acid-
benzene-water from a type l (binodal curve) to a type 2 (band) 
system. There is a similarity between the distribution curves at 
high salt concentration and and the curve of figure 4. It is 
concluded that addition of salt in sufficiently large amount 
makes the binary system butyric acid-water partially miscible at 
25° C. The critical solubility temperature of this binary system 
is -3.8° C at 40 weight per cent butyric acid. Thus addition of 
salt affects a system in a manner similar to lowering the tempera-
tUl.'e. 
Figure 38 reveals that a 2 % potassium chloride solution 
does not seem to effect partial miscibility in the butyric acid-
water system. However, it appears that 6 % solutions of sodium 
chloride or lithium chloride produce partial miscibility, as does 
a 9% potassium chloride solution. The formation of two liquid 
phases in the system butyric acid-water in the presence of 
moderate amounts of each of the three salts has been experimen-
tally confirmed. 
The effect of lithium chloride and sodium chloride on 
propionic acid is similar to that on butyric acid in that a 
type 2 system is apparently formed. While partial miscibility 
in the system propionic acid-water has been observed upon addi-
It~ 
tion of moderate amounts of lithium chloride, similar experi-
mental verification with sodium chloride could not be obtained. 
The effect of potassium chloride on the propionic acid-
benzene-water system is unlike that of the other two chlorides 
in that there is no tendency toward the formation of a type 2 
system. There is a close resemblance between figure 5 and figure 
23. In both case~ the binodal curve is retained; but a marked 
shift in tie line slope occurs. 
The variation of the distribution coefficient with concen-
tration of acetic acid in the organic phase is shown in figures 
9 through 12 for acetic acid. Results for propionic acid appear 
in figures 26 through 29 and for butyric acid in figures 39 
through 42. The distribution coefficient has been consistently 
defined as X0AfXcB for all three acids. The effect of potassium 
chloride on propionic acid is quite different from the other 
systems in that at high salt concentration the curve appears 
rectangular. 
The correlation of tie line data, using Hand coordinates, 
is shown graphically in figures 13 to 15 for acetic acid, 30 to 
32 for propionic acid, and 43 to 45 for butyric acid. Two im-
portant statements may be made about the effect of salts on the 
Hand coordinate plots of ternary systems. 
1. The addition of salt will not alter the general shape 
of the curve obtained for the salt-free system. 
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2. Addition of salt will change the slope and intercept 
of the Hand coordinate curve to an extent dependent on 
the nature and quantity of the salt added. 
While the first statement apparently does not apply to the system 
propionic acid-benzene-water, it should be pointed out that re-
moval of two solutropes and transformation from a type 1 to a 
type 2 system constitute an extraordinary degree of change in 
the system. The rule does apply when potassium chloride is 
added to the above system (a type 2 system is not formed). 
The ternary system acetic acid-benzene-water is represented 
by a single line on Hand coordinates, while the corresponding 
systems with propionic acid and butyric acid each require two 
lines. Addition of salt to the acetic acid system resulted in 
a family of single straight lines for each salt. Lithium chloride 
produced the greatest "spread" (which is related to the magni-
tude of the salting out effect) while potassium chloride pro-
duced the least. The effect can be shown quantitatively by 
comparing the coefficient b in equation 58 for each salt (table 
11). For lithium chloride b is 0.029 while for sodium chloride 
it is 0.014 and for potassium chloride it is 0.005. In figures 
16 a.nd 17, the value of' x0J~B at a given value of x0jxAA is 
tplotted against salt concentration expressed on a weight basis and 
a mole basis, respectively. The effectiveness of the salts cannot 
be explained solely by the number of ions in solution but depends 
also on the nature of the salt. 
12) 
Figures 3P to 32 show that addition of lithium chloride and 
sodium chloride to the propionic acid system results in a 
change from a two-line to a single-line-plus-curve plot on 
Hand coordinates. By comparing figures 30 and 31 with the oorres-
pomding distribution diagrams figures 21 and 22, it is concluded 
that the disappearance of the two-line plot is related to the 
bending;of the distribution curve toward the 47-0 line (which 
represents equal ·acid concentration in each phase). This bending 
occurs at 1.970 ~ lithium chloride but not at 5.743 % (figure 21). 
The Hand plot at 1.970 % consists of two lines, while that at 
5.743% is a single-line-plus-curve. Bending occurs at 2.002% 
and 5.863 % sodium chloride and seems to just disappear at 
9.403 % (figure 22). The Hand plots show two lines at 2.002 % 
and 5.743 %and a single straight line with no curve at 9.403 % 
sodium chloride. Potassium chloride produces bending at all 
salt concentrations (figure 23) and also gives two lines on 
Hand coordinates. 
In the case of lithium chloride, the transformation to 
two-line Hand plots seems to be related to the transformation 
from a type 1 to a type 2 system. However, results with sodium 
chloride do not comply with this reasoning. 
The addition of salts to the system butyric acid-water-
benzene also produces a family of curves. Correlations were 
obtained for both lines. The correlation for the lower line 
is valid for values of x0B/XBB u~ to 1.35 for lithium chloride, 
1.15 for sodium chloride, and 1.00 for potassium chloride. Above 
these values the correlation for the upper line should be used. 
Figures 46 and 47, which shaw plots of x0B/XBB (at a given value 
of x0AfxAA) against salt concentration, indicate that on a mole 
basis, sodium chloride is more effective than lithium chloride in 
salting out butyric acid. 
Comparison of figures 17, 34, and 47 indicates that 
while potassium chloride is always less effective (on a mole 
basis) than sodium- chloride, the effectiveness of lithium chlo-
ride decreases as the number of carbon atoms in the carboxylic 
acid increases. 
Figures 18, 19, and 20 show the effect of salts in de-
creasing the concentration of water in the organic phase in 
the acetic acid system. Lithium chloride dries more efficiently 
than sodium and potassium chlorides, whose effect is about the 
same. The same trends are observed with butyric acid. The 
salts are less effective in removing water fram the organic phase 
in the propionic acid system, with potassium chloride having 
virtually no drying effect. 
Distribution 
In discussing modifications to the distribution law for 
cases in which association and dissociation occur, the following 
equation was derived. 
tl3 
(21) 
T.his equation was derive& for dimerization in the benzene phase. 





The concentration of the distributed component in moles per 
liter, ~T] A' can be expressed in terms of the weight per 
cent of the distributed component, XCA' through use of the 
following equation: 
(62) 
where ~A is the density of the A-rich phase and MW C is the 
molecular weight of the distributed component c. Substituting 
equation 62 into equation 61 for~T] A and similarly for 
fT] B' equation 63 results. 
Taking logarithms of both sides gives the following equation: 
log XCB = n log XCA - log __g_ ~r- K ln ( 64) ( MW Qn-1.0 
o.o:J_ n ~A LKa.8 (1-tx] 
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A plot of log XCB against log XCA should yield a straight line 
whose slope approximates n. 
Figures 48, 50, and 51 show these plots for acetic acid, 
propionic acid, and butyric acid, respectively. The results 
for 22 % solutions of each of the salts are compared with the 
salt-free system. For acetic acid, n is 1.82 for the salt-free 
system and about 1.63 for the salt systems. There was no defi-
nite trend of n with the nature of the salt. With propionic acid, 
n is 1.80 both with and without salt. For butyric acid, n was 
1.74 both with and without salt. Figure 49 shows the effect of 
concentration of lithium chloride on the distribution of acetic 
acid on logarithmetic coordinates. No trend of n with salt con-
centration was observed. 
The results suggest that each of the acids forms a dimer 
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The effect of lithium chloride, sodium chloride, and 
potassium chloride on the distribution of acetic acid, 
propionic acid, and butyric acid between benzene and water 




= a + b X8 + 
where a, b~ o, and d are constants which depend on the nature 
of the acid, the nature of the salt, and temperature, but which 
are independent of salt concentration. 
NOMENCLA'l'£JBE 
log A0 constant in equation 57 
llA work content, equation 28 
6A6 work content due to salting in or salting out, equation 31 











constant, equation 2 
constant, equation 58 
activity of distributed component, phase 1 
activity of distributed component, phase 2 
constant in equation 57 
component B, benzene 
constant, equation 2 
constant, equation 58 
constant, equation 3 
concentration of species i, moles/liter 
total concentration of acid in aqueous phase; moles/liter 
total concentration of acid in organic phase; moles/liter 
constant, equation 59 
concentration of gas in water, no salt present; moles/liters 
concentration of gas in water, salt present; moles/liter 
dielectric constant of pure solvent 
dielectric constant of solution containing electrolyte 
constant, equation 60 
quantity of salt in Hittorf cell; equivalents 
quantity of water in Hittorf cell; moles 
e charge on ion; e.s.u. 
activity coefficient of non-electrolyte, equation 33 
activity coefficient of component 2, no salt present 
activity coefficient of component 2, salt present 
variable defined by equations 39 and 40 
distribution coefficient, defined by equations 1 and 12 
:t 
association constant; (liters/mole)2 
ionization constant; moles/liter 
Boltzmann constant; ergs/°K 
constant, equation 9 
constant, equation 11 
constant, equation 45 
-1 reciprocal of mean radius of ion atmosphere; em 
salting out constant; liters/mole 
salting out constant; grams water/gra:m salt 
salting out constant; 100 grams solution/gram salt 
contribution by cation to salting out constant; liters/mole 
contribution by anion to salting out constant; liters/mole 
molecular weight of component C (acid); grams/mole 
total weight of aqueous phase; grams 
total weight of organic phase; grams 
total weight of initial mixture; grams 
Avogadro's number 
mole fraction solvent, infinite distance from ion 
mole fraction non-electrolyte, infinite distance from ion 





















mole fraction non-electrolyte, distance r from ion 
number of molecules of non-electrolyte, equation 29 
number of molecules of electrolyte, equation 29 
number of molecules associated in solvent phase, equations 
61-64 
exponent 
number of molecules of kind j per cm3 
total number of molecules of electrolyte, per cm3 
probability level 
co~elation coefficient defined by equation 56.1 
distance from ion; em 
acid concentration in aqueous phase, salt present; 
grams acid per gram water 
acid concentration in aqueous phase, no salt present; 
grams acid per gram water 
standard error in dependent variable calculated from 
correlation equation 
absolute temperature; ~ 
true transport number of anion 
true transport number of cation 
apparent transport number of anion 
apparent transport number of cation 
partial molar volume of non-electrolyte; liters 
partial molar volume of electrolyte at infinite dilution; 
liters 
partial molar volume of pure (liquid) electrolyte; liters 
partial molar volume of pure (liquid) electrolyte at 
infinite dilution; liters 
additional volume to dissolve one mole of non-electrolyte 










atomic volume of component 1 
atomic volume of component 2 
electrical work done against potential due to ionic 
atmosphere 
electrical work of charging n. ions 
J 
net electrical work given by equatian 26 
weight per cent water in aqueous phase 
weight per cent benzene in aqueous phase 
weight per cent carboxylic acid in aqueous phase 
weight per cent alkali chloride in aqueous phase 
weight per cent water in organic phase 
weight per cent benzene in organic phase 
weight per cent carbo~lic acid in organic phase 
weight per cent alkali chloride in organic phase 
weight per cent water in initial mixture 
weight per cent benzene in initial mixture 
weight per cent c~rboxylic acid in initial mixture 
weight per cent alkali chloride in initial mixture 
salt concentration in aqueous phase; moles/liter 
J34 
salt concentration in aqueous phase; grams salt/gram water 
salt concentration in aqueous phase; grams salt/100 grams 
solution 
molecules of water attached to anion 
molecules of water attached to cation 
net quantity of water transferred to cathode compartment; 
moles/faraday 
Greek letters 
degree of ionization, equation 14 
degree of association, equati0n 17 
constants, equation 29 
compressibility of pure water 
chemical potential of distributed component 
chemical potential of distributed component, phase 1 
chemical potential of distributed component, phase 2 
chemical potential of distributed component in 
standard state in phase 1 
chemical potential of distributed component in 
standard state in phase 2 
chemical potential of non-electrolyte per molecule 
density of aqueous phase; grams/ml 
density of organic phase; grams/ml 
APPENDIX 
ERRORS OF MEASUREMENT 
The errors in experimental measurements will be ex-
pressed in terms of the probable error. The probable error 
p is the error such that the number of errors greater than p is 
equal to the number of errors whioh are less than p. If y 
is a function of the independent variables x, z, w, ••• , it 
may be shown that the probable error p in y is 
+ p =-
where r is the probable error in x, etc. 
X 
••• (65) 
Equation 65 may be used to shaw that the probable error 
of the sum or difference of two quantities A and B, respectively, 
+ + 
affected with probable errors -a and -b, is 
(66) 
In the oase of multiplication, the probable error 
of the product of two quantities A and B is 
(67) 
The probable error of the quotient B/A of two 
quantities A and B is 
p = + 1 
--r 
(68) 
SAMPLE CALCULATION AND ERROR STUDY 
Data from Run 31-20 will be used. 
I. Initial mixture 
Tare, Benzene, Acetic Acid, KCl solution 
Tare, Acetic Acid, KCl solution 
+ 121.5795 g - 0.2 Ing-'_ 
+ 104.0357 g - 0.2 mg 
Tare, KCl solution 
Tare 
+ 8).1647 g - 0.2 mg 
62.0075 g ~ 0.2 mg 







+ p = - 0.0003 g,' 
+ 17.5438 - 0.0003 g 
20.8710 ! 0.0003 g 
+ 21.1572 - 0.0003 g 
+ 59.5720 - 0.0003 g 
B. Composition -Weight Per Cent 
t20.8710 ++_ 0.0003] X 59.7520- 0.0003 
+ l p =-
59,572o0 
:p = :!: o.0005 % 
100 % = 35.0349 % Acetic-; Acid-
139 
Water Content of Acetic Acid = 0.0139 ! 0.0005 ~ 
(35.0349 ! 0.0005) (0.000139 :!: o.000005) = 0.0049 % wate~ 
+ p =-
p = :!: o.ooo2 % 
Per Cent Pure Acetic Acid 
p = ~ 0.0066 % 
Per Cent Acetic Aoid = 35.030 ~ 0.001 % 
2. Benzene 
[
17.5438 _++ 0.0003] ~, 100 ~ = ~ ~ 29.4497 % Benzene 
59.5720 - o.ooo3 
+ p =-
p = :!: 0.0005 % 
Water o.ontent of Benzene = 0.0059 :!: 0.0003 % 
(29.4497! 0.0005) (0.000059! 3~Io-6 ) = 0.0017% Water 
p = :t 0.0001 fo 
Per Cent Pure Bemzene 
(29.4497 ~ 0.0005) - (0.0017 ! 0.0001) = 29.4480 % 
+ p =-
+ p =- o.ooo6 % 
Per Cent Benzene = 29.448 ! 0.001 % 
3. KCl solution 
t21.1572 ~ 0.0003] + X 100 % = 59.5720 - 0.0003 
p = : o.ooos % 
4. KCl 
35.5154 % KCl solution 
Salt content of KCl solution is 9.287 ! 0.003 % 
(35.5154 ! 0.0005) (0.09287 ! 0.00003) = 3.298 % KCl 
+ p =-
p = ! o.oo1 % 
Per Cent KCl = 3.298 ! 0.001 % 
5. Water 
Total KCl solution 
KCl 
Water in KCl solution 
Water in Aoetio Acid 
Water in Benzene 
Total Water 
p = :!: 0.001 fo 
Per Cent Water = 32.224 ! 0.001 % 





II. Organic Phase 
A. Per Cent Acetic Acid 
Tare, Organio Phase aliquot 
Tare 
Organic Phase Aliquot 
t4( 
35.5154 ! o.ooos % 
3.298 ! 0.001 % 
32.317 
0.0049 ~ 0.0002 % 
0.0017 ! 0.0001 ~ 
32.224 
35.030 !. 0.001 % 
29.448 ! 0.001 % 
3.298 :!: 0.001 % 
32.224 ! o.oo1 % 
% 
128.5732 g ! 0.2 mg 
126.0897 g :!: 0.2 mg 
2.4835 g 
+ p = - 0.0003 g 
Normality of Sodium HYdroxide standard solution 
N = 0.6514! 0.0003 equivalents per lite~ 
Acetic Acid equivalent of NaOH standard solution 
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+ + mg acetic acid' 
(0.6514 - o.ooo3) (60.054 - o.oos) = 39.12 ------
ml NaOH solution 
+ p =-
p = ~ 0.02 mg acetic acid 
1.000 ml NaOH solution = 39.12 ! 0.02 mg acetic acid 
Volume NaOH solution to neutralize acetic acid in organic 
phase aliquot = 6.308 : 0.003 ml 
(6.308 ~ 0.003 ml NaOH) (39.12 ! 0.02 mg HOAc) = 246.8 mg HOA~ 
m1 NaOH 
p = ! 0.2 mg acetic aci& 
Weight acetic acid in organic phase aliquot = 246.8 ! 0.2 mg 
[ 
246.8 ! 0.2] 
2483.5 :!: 0.3 
X 100 % = 9.936 % Acetic Acid 
1 
P = ! \ I (o.2) 2 + <o.o9936)2 <o.3)2 
2483.5 v 
P = • o.ooa % 
Organic phase contains 9.936 ~ o.oo&% acetic acid. 143 
B. Per Cent Water 
Tare, Organic phase aliquot 
Tare 
30.7828 g: 0.2 mg 
26.9256 g ! 0.2 mg 
Organic phase aliquot 
+ p =-
+ p = - 0.0003 g 
3.8572 g 
Organic phase aliquot is 3.8572 ! 0.0003 g 
Standardization of Karl Fischer Reagent 
Volume methanol-water standard taken 10.00 ml ! 0.01 ml 
Weight water per m1 standard 
Karl Fischer Reagent used per 
10 ml methanol-water standard 
+ 1.00 mg - 0.01 mg 
+ 1.70 ml - 0.01 m1 
(10.00 ! 0.01 ml standard)(l.OO ! 0.01 mg water) = 10.0 mg water 
ml standard 
+ p =-
+ p = - 0.1 mg water 
Water in 10.00 m1 methanol-water standard is 10.0.! 0.1 mg 




_ ! 0 mg water P - 0• 7 ml K.F. reagent 
. . + mg water Karl F~scher factor ~s 5.88 - 0.07 m1 K F t 
•• reagan 
(1.65 ~ 0.02 ml K.F.)(5.88! 0.07 mg water) = 9.70 mg water 
ml K.F. 
+ p = - 0.16 mg water 
Organic phase aliquot contains 9.70! 0.16 mg water 





Water content of organic phase is 0.252 ! 0.004 % 
C. Per Cent Potassium Chloride 
Organic phase aliquot 
Tare + NaCl standard solution 
Tare 
NaCl standard solution 
2.4835 g : 0.3 mg 
+ 160.5993 g - 0.2 mg 
+ 158.5514 g - 0.2 mg 
+ 2.0479 g - 0.3 mg 
144 
+ + p = - 0.3 mg = - 0.0003 g 
Weight standard NaCl solution taken is 2.0479 ~ 0.0003 g 
Volume silver nitrate solution used 2.173 ! 0.005 m1 
Normality of silver nitrate solution 0.1008 ~ 0.0001 N 
NaCl solution equivalency: 
t45 
1.0000 g NaCl solution = 1.0420 ! o.ooo6 ml AgN03 solution 
(2.0479 ! o.ooo3 g)(l.0490 ~ o.ooo6 ml AgN03) = 2.134 ml AgNo3 g NaCl 
+ 
p = - (2.0479)2(0.0006)2 + (l.0420)2(o.0003)2 
+ p = - 0.001 m1 AgN03 
Weight standard NaCl solution taken is equivalent to 
2.134! 0.001 ml silver nitrate solution. 
+ + 2.173 - 0.005 ml - 2.134 - 0.001 ml = 0.39 m1 AgN03 
+ p =-
(0.039 ~ 0.005 ml)(O.l008 ~ 0.0001 meq) = 0.0039 meq 
ml 
+ p =-
p =to. 0005 meq 
(0.0039 ~ 0.0005 meq) 74.557 : 0.001 mg KC1) = 0.291 rng KC1 
meq 
+ p =-
+ p = - 0.037 mg KCl 
Organic phase aliquot contains 0.291 ~ 0.037 rng KCl 
[
0.291 ! ~-037 mg KClJ 




p = !_ 0.0015 % KC1 
(100%) = 0.0117% KCl 
KCl content of organic phase is 0.012 ! 0.001 % 
D. Per Cent Benzene 
Per Cent Acetic Acid 
Per Cent Water 
Per 6ent KCl 
Total 
p = ~ 0.009 % 
9.936 ! o.oos % 
0.252 ! 0.004 % 
0.012 ~ 0.0015 % 
10.200 
Per cent Benzene = 100.0000 % - 10.200 ~ 0.01 % 
Per cent Benzene = 89.80 ! 0.01 % 
l4ti 
E. Analysis of' Organic Phase 
Per cent Acetic Acid 
Per cent Water 
Per cent Benzene 
Per cent Potassium Chloride 
III. Aqueous Phase 
~ Per Cent Acetic Acid 
Tare, aqueous phase aliquot 
Tare 
Aqueous phase aliquot 
+ p = - 0.0003 g 
9.936 :!: o.ooa % 
0.252 ~ 0.004 % 
89.80 ! 0.01 % 
0.012 ! 0.001 % 
126.0728 : 0.0002 g 
123.8046 ~ 0.0002 g 
2.2682 g 
Weight of aqueous phase aliquot is 2.2682 ! 0.0003 g 
(27.20 ! 0.03 m1 Na0H)(39.12 - 0.02 mg HOAc) = 1064 mg HOAc 
ml NaOH 
+ p =-
+ P = - 1.1 mg acetic acid 
Aqueous phase aliquot contains 1064 ! 1.1 mg acetic acid. 
f41 
[
1064 - 1+.1 mg HOAc ] (100%) = 
2,268.2 - 0.3 mg 
46.91 % acetic acid 
+ p = ----
1 2 2 )2 (1.1) + (0.4691) (0.3 
2,268.2 
p = ! o.os % 
Aqueous ph~se contains 46.91 ± 0.05% acetic acid 
B. Ratio of Weights of Organic and Aqueous Phases 
XCA = % acetic acid in aqueous phase 46.91 ~ 0.05 % 
XCI =%acetic acid in initial mixture 35.030! 0.001 % 
XCB =%acetic acid.in organic phase 9.936! 0.008% 
Using equation 5J, the ratio of weight of organic phase 
to weight of aqueous phase is given by 
XCA- XCI= ~ 
XCI - XCB mA 
[
46.91 ~ o.os - 35.030 ! 0.001 J 
= 0.473 
35.030 ! o.oo1 - 9.936 ~ o.ooa 
+ 
p = -n 
+ p = - o.os n 
Pa = ~ o.ooa 
[ 
11.88 ! 0.05 l 
= 0.473 
25.094 ± o.ooa 
+ p = - 0.002 
Ratio of weight of organic phase to weight of aqueous phase 
is 0.473 :!: 0.002 
c. Per Cent Water 
XAI = 32.224 - 0.001 % 
XAB = 0.252 - 0.004 % 
XAA = Per cent water in aqueous phase 
+ + % XAI - XAB = 32.224 - 0.001 - 0.252 - 0.004 = 31.972 
J4'i 
(0.473 - 0.002)(31.972 - 0.004) = 15.12 % 
p = :!: o.o6 % 
XAA = 15.12 t 0.06 % + 32.224! 0.001 % = 47.34% 
+ p =-
p = ! 0.06 % 
Aqueous phase contains 47.34:!: 0.06% water. 
D. Per Cent Potassium Chloride 
XnA- Xnr + 
= 0.473 - 0.002 
+ XDr = 1.298 - o.oo1 
+ XDB = 0.012 - 0.0015 
~A = Per cent potassium chloride in aqueous phase. 
8 + + 86 ~I - XDB = 3.29 - 0.001 - 0.012 - 0.0015 = 3.2 
p = :!: -J (0.001) 2 + (0.0015) 2 
p = :!: 0.002 % 
(0.473 ~ 0.002)(3.286 ! 0.002) = 1.554 
+ p =-
p = :!:. 0.007 % 
p = ± v (0.007) 2 + (0.001)2 
p = t 0.007 % 
Aqueous phase contains 4.852 ~ 0.007 % potassium chloride 
E. Per Cent Benzene 
% acetic acid 
% water 
% potassium chloride 
Total 
P = _+o.oa % 
46.91 :!: 0.05 % 
47.341:!: o.o6 % 
4.852 :!: 0.007 % 
99.102 
Per cent benzene = 100.000 - 99.10 = 0.90 % 
Aqueous phase contains 0.90 t o.oB % benzene. 





IV. Distribution Coefficient 
XCA 
Distribution coefficient: 
XCA = 46.91 ! Oe05 % 
XCB = 9.936 ~ 0.008 % 
X 
_£1:. = 4.721 
X CB 
P = ~ o.oo6 
46.91 ! o.os % 
47.34:!: 0.06% 
0.90 :t o.oa % 
4.852 ! 0.007 % 
Distribution coefficient is 4.721! 0.006 
V. Calculation of Coordinates for Hand Plot 
XCB = 9.936 ± o.ooa % 
~B = 89.80 ± o.o1 % 
XCA = 46.91 ± 0.05 % 
XAA = 47.34 ± o.o6 % 
!5Z 
9.936 :!: o.oos 
89.80 :!: o.o1 
= 0.1106 
1 
+ p = -----89.80 
p = :!: 0.0001 % 
46.91 :t o.os = 0.991 
47.34:!: o.o6 
+ p = - 0.0012 
Hand coordinates are: XCB + XBB = 0.1106 - 0.0001 
' + 0.991 - 0.001 
VI. Determination of Water Content of Acetic Acid 
Volume Karl Fischer Reagent used + 0.29 - 0.02 ml 
Karl Fischer factor 6.02 ! 0.04 mg water· 
ml 
Weight acetic acid titrated + 12.5416 - 0.0003 g 
\53 
. + • (0.29 - 0.02 m1 ) (6.02 - 0.04 ~) = 1.75 mg water 
ml 
+ p = - 0.12 mg water 
[ 1 •75 :!: 0; 12 \100 %) • 0.014 % water 
L12 ,s41. 6 - 0.3 ] 
+ 1 p =- 12~541.6 
p = ! 0.001 % 
Water content of acetic acid is 0.014 ± 0.001 % 
154 
RESULTS OF 
ANALYSES .AND CALCULATIONS 
T A B L E 1 ) 




W A T E R 
RUN NUMBER 14-2 14;.5 14-10 14-15 14-20 14-25 14-30 14-35 14-40 14-45 14-50 14-60 
Composition of 
Initial Mixture* 
Acetic Acid 5.284 12.229 21.794 29.519 35.805 41.058 45.548 49.390 52.791 55.675 58.253 62.608 
Benzene 44.226 40.983 36.516 32.919 29.973 27.523 25.437 23.618 22.039 20,690 19.486 17.448 
Water 50.489 46.787 41.690 37.561 34.221 31.419 29.015 26.991 25.169 23.635 22.260 19.943 
Composition of 
Aqueous Phase* 
Acetic Acid 9.164 19.74 32.59 41.71 48.37 53.55 57.55 60.49 62.94 64.58 66.23 67.61 
Benzene 0.27 0.63 0.92 1.32 1.61 2.09 2.77 3.63 4.79 6.30 8.06 10.8 
Water 90.56 79.73 66.49 56.79 50.02 44.36 39.68 35688 32.37 29.12 25.71 21.63 
Composition of 
Organic Phase* 
Acetic Acid 0.443 1. 729 4ol42 6.504 8.844 11.04 13.33 15,60 17.94 20.34 22.72 28.02 
Benzene 99.48 98.17 95.70 93.28 91.91 88.64 86.27 83.92 81.45 78.97 76.40 70.63 
Water 0.082 0,101 0.159 0.216 0.243 0.317 0.394 0.479 0.606 0.692 0.875 1.35 
Hand Coordinates 
xcb/Xbb 0.00446 0.01761 0.0433 0.0696 0.0961 0.1246 0.154 7 0.1860 0.220 0.257 0.297 0.396 
Xca/Xaa 0.1011 0.247 0.485 o. 727 0.966 1.207 1.449 1.680 1.950 2.19 2.46 2.99 
Distribution 
Coefficient 
Xc/Xcb 20.68 11.41 7.869 6.412 5.469 4.850 4.316 3.973 3.508 3.715 2.914 2.413 
*All compositions are given in weight per cent. 
~ 








RUN NUMBER 23-2 23-5 23-10 23-15 23-20 23-25 
Composition of 
Initial Mixture* 
Acetic Acid 5.252 12.248 21.746 29.44 7 35.655 41.059 
Benzene 44.062 40.85 7 36.376 32.853 29.923 27.402 
water 49.687 45.971 41.053 36.960 33.744 30.917 
Lithium Chloride 0.999 0.924 0.825 0.743 0.678 0.621 
Composition of 
Aqueous Phase* 
Acetic Acid 9.049 19.70 32.30 41.46 48.08 53.43 
Benzene 0.24 0.51 0.79 1,14 1.38 1. 73 
Water 88.91 78.19 65.55 56.25 48.54 43.95 
Lithium Chloride 1.803 1.597 1.363 1.146 1.001 0.887 
Composition of 
Organic Phase* 
Acetic Acid 0.552 2.058 4.787 7.494 9.946 12.62 
Benzene 99.37 97.84 94.06 92.31 89.78 87.09 
Water 0.073 00.095 0.144 0.194 0.263 0.280 
Lithium Chloride 0.003 0.003 0.006 0.007 0.010 0.010 
Hand Coordinates 
xcb/Xbb 0.00556 O.OZll 0.0508 0.0810 0.1108 0.1450 
Xca/Xaa 0.1007 0.247 0.475 o. 727 0.965 1. 202 
Distribution 
Coefficient 
Xca/Xcb 16.38 9.572 6. 749 5.533 4.834 4.335 
*All compositions are given in weight per cent. 
LITIIIUM CHLORIDE 
23-30 23-35 23-40 
45.485 49.272 52.641 
25.357 23.590 22.037 
28.584 26.607 24.823 
0.574 0.535 0.499 
57.46 60.51 63.26 
2.29 2.98 3.77 
39.45 35.79 32.32 
0.795 0.718 0.656 
15.01 17.38 20.12 
84.56 82.09 79.20 
0.419 0.519 0.663 
0.012 0.014 0.018 
0.1775 0.212 0.254 
1.460 1.688 1.920 









































RUN NUMBER 24-2 24-5 24-10 24-15 
Composition of 
Initial Mixture* 
Acetic Acid 5,226 12.060 21.569 29.170 
Benzene 43.498 40.415 36.043 32.534 
Water !..8.331 44.796 39.953 36.096 
Lithium Chloride 2.944 2. 729 2.434 2,199 
Composition of 
Aqueous Phase* 
Acetic Acid 8.789 18.91 31.39 40.31 
Benzene 0.21 0.44 0.66 0.97 
Water 85.71 75.93 63.97 55.29 
Lithium Chloride 5.291 4.717 3.982 3.427 
Composition of 
Organic Phase* 
Acetic Acid o. 759 2.665 6.153 9.290 
Benzene 99.16 97.23 93.68 90.47 
Water 0.078 0.103 0.159 0.236 
Lithium Chloride 0.003 0.004 0.006 0.009 
Hand Coordinates 
xcb/Xbb 0.00767 0.0274 0.0657 0.1028 
Xca/Xaa 0.1010 0.244 0.486 o. 717 
Distribution 
Coe ff ic ien t 
Xc/Xcb 11.58 7.097 5.102 4.340 
*All compositions are given in weight per cent. 
I 5 
-
5.743% LITHIUM CHLORIDE 
24-20 24-25 24-30 24-35 
35.399 40.776 45.194 49.039 
29.638 27.267 25.134 23.430 
32.955 30.122 27.969 25.949 
2.008 1.835 1.704 1.581 
47.27 52.4 7 56.54 59.74 
1.16 1.39 1.85 2.47 
48.54 43.48 39.20 35.61 
3.025 2.656 2.408 2.180 
12.17 14.77 17.95 21.06 
87.52 84.82 81.52 78.29 
0.299 0.406 0.516 0.644 
0.010 0.011 00.013 0.016 
0.1392 0.1740 0.220 0.269 
0.954 1.208 1.436 1.683 








































WATER - 9.118 % LITHIUM CHLORIDE 
RUN NUMBER 25-2 25-5 25-10 25-15 25-20 25-25 25-30 25-35 25-40 25-50 25-60 
Composition of 
Initial Mixture 
Acetic Acid 5.160 11.919 21.390 28.9 75 35.272 40.459 44.914 48.771 52.104 57.5 74 61.93 7 
Benzene 43.140 40.001 35.718 32.300 29.372 27.055 25.039 23.282 21.772 19.289 17.279 
Water 46.986 43.697 38.982 35.194 32.133 29.524 27.307 25.399 23.742 21.028 18.889 
Lithium Chloride 4. 714 4.384 3.911 3.531 3.223 2.962 2.740 2.548 2.382 2.110 1.895 
Composition of 
Aqueous Phase* 
Acetic Acid 8.464 18.07 30.16 39.21 46.01 51.45 55.58 59.04 61.78 65.32 67.36 
Benzene 0.17 0.36 0.56 0.77 0.98 1.14 1.46 1.91 2,81 4.55 6.81 
Water 82.94 74.07 62.90 54.46 48.10 43.00 39.01 35.45 32.ll 27.37 23.47 
Lithium Chloride 8.425 7.503 6.379 5.563 4.905 4.406 3.954 3.602 3.302 2.761 2.355 
Composition o: 
Organic Phase* 
Acetic Acid 0.965 3.357 7.523 11.24 14.62 18.10 20.97 24.11 27.25 32.79 40.04 
Benzene 98.97 96.52 92.29 88.49 85.01 81.40 78.42 75.10 71.74 65.78 57.97 
Water 0.062 0.114 0.178 0.261 0.357 0.478 0.596 o. 770 0.98.8 1.40 1.97 
Lithium Chloride 0.004 0.005 0.007 0.009 O.Oll 0.014 0.016 0.018 0.021 0.028 0.035 
Hand Coordinates 
xcb/~b 0.00974 0.0347 0.0816 0.1270 0.1720 0.222 0.268 0.321 0.380 0.464 0.691 
X /X 0.1005 0.241 
ca aa 
0.475 0.709 0.945 1.175 1.415 1.650 1.891 2.38 2.93 
Distribution 
Coefficient 
Xca 1Xcb 8.773 5.382 4.008 3.489 3.148 2.842 2.651 2.448 2.267 1.992 1.682 
*All compositions are given in weight per cent. 
~ 
r ,\ 1; t. E I 7 
AL:ETll' ,\l:lD !lE:-\?.E:-.:E - ',.JATF.K - 1]. bh ' 
~~·:-; :-.il"':i'E::;, b0-2 60-~ bO-lO 60-15 60-20 60-25 
Composltion o: 
Initial ~ixture* 
Acetic Ac ia 5.099 11.773 21.346 28.570 34.888 40. 118 
Benzene ... 2.537 39.508 35.719 32.142 29.208 26.839 
;.;ater .::.5.201 42.055 37.062 33.914 30.992 28.822 
Lithium Chloride 7.163 6.665 5. 87.::. 5.375 4,912 4.520 
.=omposition of 
.Aqueous Phase* 
Acetic Acid 7.931 16.89 28.86 37.37 44.06 49.57 
Bnezene 0.14 0.28 0.44 0.61 00.76 0.88 
~.:ater 79.32 71.40 60.93 53.30 47.54 42o84 
Lithium Chloride 12.61 11.43 9. 7 70 8.715 7,643 6.713 
Composition of 
Organic ?hase* 
Acetic Acid 1. 378 4.614 10.04 14.43 18.42 22.46 
Benzene 98.55 95.24 89.74 85.25 81. !4 77.36 
·..:ater 0.069 0.106 0.219 0.306 0.429 0.580 
Lithium Chloride 0.004 0.005 0.007 0.009 0.011 0.01) 
Eand Coordinates 
xcb/xbb 0.0140 0.0485 0.1116 0.1695 0.227 0.290 
X /X 0.0996 
ca a a 
0.234 0.469 0.682 0.918 l. 141 
Distribution 
Coefficient 
Xca/Xcb 5.756 3.661 2.878 2.5b9 2.392 2. 272 
*All compositions are given in weight per cent. 
u·ntll'l-1 CHIOiillll' 
60-30 60-15 60-40 
44.562 48.382 ) 1. 74 7 
24 .St10 23.126 21.655 
26.3 77 24. 594 22.955 
4.180 3.898 3.639 
53.80 57.29 60.23 
1.17 1.47 2.24 
3S.S2 35.54 3?..30 
6.214 5.703 5.225 
25.65 29.24 32.42 
73.65 69.86 66.38 
0,681 0.882 1.18 
0.017 0.019 0.023 
0.348 Oo419 0.489 
l. 381 1 .608 1.851 



































T A B L E I 8 
ACETIC ACID BENZENE - WATER - 17,61 lo LITH IIJH CHLORIDE 
RUN NUMBER 61-2 61-5 61-10 61-15 61-20 61-25 61-30 61-35 61-40 61-50 61-60 
Composition of 
Initial Mixture* 
Acetic Acid 5.025 11. 702 20.941 28.473 34.624 39.849 44.262 48.115 51.451 56.939 61.334 
Benzene 42.039 39.154 35.116 31.661 29.001 26.603 24.634 22.968 21.501 19.063 17.104 
Water 43.614 40.490 36.281 32.846 29.969 27.641 25.629 23.825 22.285 19. 772 17.765 
Lithium Chloride 9.322 8.654 7.755 7.020 6.406 5.908 5.478 5.092 4. 763 4,226 3. 797 
Composition of 
.l'.queous Phase* 
Acetic Acid 7.456 15.89 26,85 35.50 42.36 47.81 52.29 55.97 59.23 63.82 68.56 
Benzene 0.11 0.21 0133 0.46 0.58 0.71 0.93 1.16 l. 75 2.84 4.43 
Water 76.06 68.94 59.66 52.42 46.65 42.14 38.22 35.08 31.81 27.06 21.17 
Lithium Chloride 16.37 14.96 13.16 11.62 10.41 9.340 8.562 7.794 7.214 6.276 5.839 
Composition of 
Organic Phase* 
Acetic Acid 1.811 5.955 12.48 17.75 22.26 26.17 30.04 33.37 36.40 42.89 48.15 
Benzene 97.11 93.92 87.27 81.84 77.18 73.10 69,16 65.53 62.33 55.37 49.66 
Water 0.073 0.120 0.247 0.405 0.554 0. 716 0.887 1.078 1. 247 1.706 2.124 
Lithium Chloride 0.004 0.005 0.006 0.008 0.010 0.013 0.016 00.021 0.025 0.040 0.074 
Hand Coordinates 
Xcb/Xbb 0.01865 0.0644 0.1431 0.217 0.289 0.358 0.435 0.509 0.584 o. 775 0.970 
X /X 0.0987 0.227 0.437 0.656 
ca a a 
0.875 1.105 1.320 1.556 1.786 2.23 2. 58 
Distribution 
Coefficient 
Xca/Xcb 4.118 2.668 2.151 2.000 1.903 1.826 l. 741 1.677 l. 627 1.488 I .424 
*All compositions are given in weight per cent. 
6' 






RUN NUMBER 62-2 62-5 62-10 62-15 
Composition of 
Initial Mixture* 
Acetic Acid 5.001 11.614 20.782 28.234 
Benzene 41.749 38.820 34.743 31.501 
Water 41.945 39.044 35.033 31.717 
Lithium Chloride 11.305 10.523 9.442 8.548 
Composition of 
Aqueous Phase* 
Acetic Acid 7.096 14.91 25.24 33.57 
Benzene 0.08 0.15 0.23 0.32 
Water 72.98 66.60 58.09 51.46 
Lithium Chloride 19.84 18.34 16.44 14.65 
Composition of 
Organic Phase* 
Acetic Acid 2.230 7.186 14.77 20.77 
Benzene 97.69 92.68 84.97 78.81 
Water 0.073 0.127 0.255 0.411 
Lithium Chloride 0.004 0.006 0.008 0.011 
Hand Coordinates 
xcb/Xbb 0.0228 0.0765 0.1738 0.264 
X /X 0.0963 
ca aa 
0.220 0.415 0.620 
Distribution 
Coefficient 
Xca/Xcb 3.182 2.076 1.709 1.617 
*All compositions are given in weight per cent. 
1 9 
-
21.23 % LITHIUM CHLORIDE 
62-20 62-25 62-30 62-35 
34.370 39.602 44.144 47.887 
28.793 26.497 24.491 22.858 
29.017 26.704 24.706 23.044 
7.821 7.197 6.659 6.211 
40.43 46.18 50.85 54.60 
0.42 0.51 o. 72 0.91 
46.04 41.40 37.69 34.54 
13.11 11.91 10.74 9.952 
25.42 29.60 33.25 36.79 
74.01 69.71 65.81 62.09 
0.554 o. 773 0.913 1.089 
0.014 0.017 0.024 0.031 
0.344 0.424 0.505 0.592 
0.836 1.057 1.291 1.501 






































RUN NUMBER 26-2 26-5 26-10 
Composition of 
Initial Mixture* 
Acetic Acid 5.266 12.138 21.764 
Benzene 43.980 40.775 36.264 
Water 49.738 46.145 41.132 
Sodium Chloride 1.016 0.943 0.840 
Composition of 
Aqueous Phase* 
Acetic Acid 9.105 19.45 32.32 
Benzene 0.26 0.51 0.81 
Water 88.81 78.95 65.52 
Sodium Chloride 1.829 1.604 1.345 
Composition of 
Organic Phase* 
Acetic Acid 0.516 1.859 4.494 
Benzene 99.40 97.19 95.35 
Water 0.077 0.094 0.135 
Sodium Chloride 0.010 0.014 0.015 
Hand Coordinates 
xcb/~b 0.00504 0.01851 0.0456 
Xca/Xaa 0.0983 0.236 0.473 
Distribution 
Coefficient 
Xca/Xcb 17.64 10.47 7.184 
*All compositions are given in weight per cent. 
T A B L E 2 0 
- WATER - 2.002 i. SODIUM 
26-15 26-20 26-25 26-30 
29.319 35.680 40.937 45.441 
32.715 29.742 27.394 25.303 
37.205 33.885 31.035 28.670 
0.760 0.692 0.634 0.586 
41.34 48.22 53.36 57.51 
1.13 1.43 1.93 2.56 
56.33 49.34 43.80 39.13 
1.203 1.012 0.913 0.800 
6.928 9.368 ll. 78 14.13 
92.87 90.36 87.88 85.45 
0.184 0.250 0.314 0.394 
0.018 0.022 0.029 0.031 
0.0722 0.1001 0.1295 0.1653 
o. 723 0.937 1.143 1.409 

























































WATER - 5.863 % 
RUN NUMBER 27-2 27-5 27-10 27-15 27-20 27-25 
Composition of 
Initial Mixture* 
Acetic Acid 5.126 12.011 21.476 29.006 35.253 40.609 
Benzene 43.371 40.228 35.971 32.445 29.568 27.139 
Water 48.483 44.961 40.059 36.289 33.117 30.360 
Sodium Chloride 3.020 2.800 2.495 2.260 2.626 1.891 
COillposition of 
Aqueous Phase* 
Acetic Acid 8. 711 18.92 31.46 40,34 47.36 52.51 
Benzene 0.23 0.43 0.65 0.92 1. 24 1.71 
Water 85.66 75.88 63.88 55.28 48.35 43.06 
Sodium Chloride 5.402 4. 771 4.015 3.460 3.057 2.729 
Composition of 
Organic Phase* 
Acetic Acid 0.594 2.232 5.167 7.835 10.43 13.15 
Benzene 99.32 97.66 94.67 91.94 89.28 86.46 
Water 0.074 0.100 0.148 0.206 0.272 0.355 
Sodium Chloride 0.008 0,012 0,013 0,019 0.024 0.028 
Hand Coordinates 
xcb/xbb 0.00599 0.0229 0.0546 0.0853 0.1169 0.1514 
Xca/Xaa 0.1005 0.247 0.489 o. 725 0.964 1.198 
Distribution 
Coefficient 
Xca1Xcb 14.65 8.477 6.089 5.149 4.541 3. 710 
*All compositions are given in weight per cent. 
SODIUM CHLORIDE 
27-30 27-35 27-40 
44.937 48.938 52.204 
25.207 23.335 21.859 
28.105 26.101 24.416 
1. 750 1.626 1.521 
56.67 60.07 62.59 
2.31 3.12 3.86 
38.59 34.62 31.55 
2.435 2.199 2.008 
15.47 18.10 20.70 
84.08 81.31 78.59 
0.420 0.545 0.665 
0.032 0.039 0.044 
0.1841 0.223 0.263 
1.448 1.700 1.940 






































RUN NUMBER 28-2 26-5 28-10 
Composition of 
Initial Mixture* 
Acetic Acid 5.194 11.783 21.278 
Benzene 42.837 39.795 35.604 
Water 47.082 43.868 39.063 
Sodium Chloride 4.887 4.553 4.054 
Composition of 
Aqueous Phase* 
Acetic Acid 8.615 18.18 30.69 
Benzene 0.18 0.35 0.51 
Water 82.95 73.76 62.27 
Sodium Chloride 8.257 7. 714 6,533 
Composition of 
Organic Phase* 
Acetic Acid 0.763 2.595 5.930 
Benzene 99.16 97.27 93.91 
Water 0.073 0.111 0.151 
Sodium Chloride 0.008 0.012 0.012 
Hand Coordinates 
xcb,~b 0.00770 0.0267 0.0631 
X /X 
ca aa 
0.1031 0.244 0.488 
Distribution Coefficient 
X /X 
ca cb 11.29 7.007 5.175 
*All compositions are given in weight per cent. 




9.403 '7. SODIUM 
28-15 28-20 28-25 28-30 
28.767 34.406 40.361 44.654 
32.159 28.953 26.919 24.913 
35.399 33.195 29.643 27.572 
3.674 3.445 3.077 2.862 
39.68 46.59 51.84 55.87 
o. 71 1.08 1.43 2.08 
53.93 47.05 42.32 38.05 
5.677 5.272 4.410 3.997 
8.827 11.56 14.09 16.69 
90.94 88.13 85.51 82.82 
0.222 0.289 0.376 0.461 
0.016 0.021 0.025 0.030 
0.0969 0.1312 0.1668 0.201 
o. 727 0.918 1.221 1.455 























































RUN NUMBER 63-2 63-5 63-10 
Composition of 
Initial Mixture* 
Acetic Acid 5.072 11.710 20.949 
Benzene 42.136 39.191 35.098 
Water 45.586 42.398 37.954 
Sodium Chloride 7.206 6.702 6.000 
Composition of 
Aqueous Phase* 
Acetic Acid 8.144 17.50 29.52 
Benzene 0.16 0.26 0.39 
Water 79.17 71.20 60.42 
Sodium Chloride 12.53 11.04 9.672 
Composition of 
Organic Phase* 
Acetic Acid 0.936 3.231 6.975 
Benzene 98.98 96.65 92.84 
water 0.076 0.111 0.175 
Sodium Chloride 0.007 0.008 0.011 
Hand Coordinates 
xcb1Xob 0.00947 0.0334 0.0752 
Xca/Xaa 0.1024 0.248 0.484 
Distribution 
Coefficient 
Xca/Xcb 8.697 5.418 4.232 
*All compositions are given in weight per cent. 
T A B L E 2 3 
-
WATER 
- 13.65 '7. SODIUM 
63-15 63-20 63-25 63-30 
28.432 24.653 39.913 44.287 
31.802 29.009 26.668 24.726 
34.338 31.379 28.857 26.757 
5.428 4.960 4.562 4.230 
38.42 45.45 50.72 54.95 
0.55 0.89 1.17 1.76 
52.62 46.55 41.48 37.30 
8.411 7.108 6.631 5.986 
10.30 12.98 16.09 18.77 
89.43 86.67 83.47 80.64 
0.258 0.330 0.417 0.563 
0.015 0.019 0.021 0.027 
0.1152 0.1499 0.1910 0.232 
o. 724 1.001 1.215 1.457 




















































ACETIC ACID - BENZENE 
RUN NUMBER 64-2 64-5 64-10 
COllposition of 
Initial Mixture* 
Acetic Acid 5.039 12.115 20.68'5 
Benzene 41.452 38.415 34.721 
Water 44.193 40.858 36.828 
Sodium Chloride 9.216 8.613 7.763 
CODposition of 
Aqueous Phase* 
Acetic Acid 7.864 17.51 28.44 
Benzene 0.13 0.19 0.28 
Water 75.91 67.89 sa. 12 
Sodium Chloride 16.10 14.41 12.56 
Composition of 
Organic Phase* 
Acetic Acid 1.164 4.109 8.147 
Benzene 98.10 95.67 91.66 
Water 0.074 0.112 0.180 
Sodium Chloride 0.004 0.006 0.009 
Hand Coordinates 
xcb1l),b 0.01187 0.0430 0.0890 
X /X 
ca aa 
0.1031 0.257 0.478 
Distribution 
Coefficient 
Xc/Xcb 6.756 4.261 3.491 
*All compositions are given in weight per cent. 
s indicates solid salt is present at equilibrium. 
T A B L E 2 4 
-
WATER - 17.41% SODIUM CHLORIDE 
64-15 64-20 64-25 64-30 64-35 
28.176 34.301 39.601 44.118 47.831 
31.449 28.789 26.370 24.603 22.830 
33.346 30.490 28.104 26.066 24.231 
7.029 6.426 5.925 5.495 5.108 
37.49 44.30 49.77 54.30 57.87 
0.44 o. 71 1.00 1.42 1.97 
51.10 45.28 40.58 36.43 33.01 
10.97 9.707 8.651 7.845 7.154 
11.61 14.77 17.57 20.41 22.91 
88.10 84.85 81.97 79.01 76.39 
0.274 0.363 0.444 0.553 0.669 
0.013 0.016 0.020 0.025 0.027 
0.1318 0.1741 0.214 0.258 0.300 
o. 729 0.966 1.219 1.468 1. 718 








































RUN NUMBER 65-2 65-5 65-10 
Composition of 
Initial Mixture* 
Acetic Acid 4,916 11.419 20.510 
Ren:z.ene 40.926 38.074 34.204 
Water 42.606 39.734 35.626 
Sodium Chloride 11.552 10.773 9.660 
Composition of 
Aqueous Phase* 
Acetic Acid 7,597 16.05 27.32 
Benzene 0.10 0.14 0.20 
Water 72.83 65.69 56.85 
Sodium Chloride 19.47 18.12 15.63 
Composition of 
Organic Phase* 
Acetic Acid 1.414 4.640 9.486 
Benzene 97.83 95.23 90.30 
Water 0.076 0.123 0.203 
Sodium Chloride 0.003 o.oos 0.008 
Hand Coordinates 
xcb/~b 0.01443 0.0487 0.1050 




Xca1Xcb 5.374 3.459 2.881 
*All compositions are given in weight per cent. 
indicates solid salt is present at equilibrium, 




21.33 i'. SODIUM 
65-15 65-20 65-25 65-30 
s s s s 
27.859 34.018 39.141 43.583 
31.008 28.362 26.187 24.254 
32.360 29.595 27.277 25.302 
8. 774 8.024 7.396 6.860 
36.30 43.93 49.75 54.46 
0.32 0.53 0.81 1.14 
49.59 43.16 38.29 34.29 
13.79 12.38 11.15 10.11 
13.13 15.79 18.29 20.68 
86.57 83.81 81.21 78.74 
0.289 0.384 0.470 0.554 
0.013 0.015 0.019 0.023 
0.1516 0.1880 0.225 0.268 
0.722 0.980 1.243 1.524 




























































RUN NUMBER 29-2 29-5 29-10 29-15 
Composition of 
Initial Mixture* 
Acetic Acid 5.311 12.330 21.786 29.411 
Benzene 44.032 40.730 36.527 32.794 
Water 49.643 46.001 41.208 37.032 
Potassium Chloride 1.014 0.939 0.841 o. 756 
Composition of 
Aqueous Phase* 
Acetic Acid 9.122 19.84 32.38 41.63 
Benzene 0.25 0.49 o. 78 1.08 
Water 88.82 78.07 65.50 56.12 
Potassium Chloride 1.805 1.603 1.343 1.165 
Composition of 
Organic Phase* 
Acetic Acid 0.480 1.834 4.318 6.963 
Benzene 99.44 98.07 95.54 92.85 
Water 0.076 0.088 0.138 0.178 
Potassium Chloride 0.010 0.012 0.015 0.015 
Hand Coordinates 
xcb/~b 0.00483 0.01870 0.0457 0.0751 





ca cb 19.02 10.82 7.500 5.979 
*All compositions are given in weight per cent. 
2 6 
-
2.001 % POTASSIUM 
29-20 29-25 29-30 
35.731 41.027 45.982 
29.849 27.455 25.323 
33.731 30.889 28.611 
0.689 0.631 0.584 
48.27 53.58 57.28 
1.41 1.87 2.47 
49.31 43.65 39.44 
1.005 0.891 0.798 
9.077 11.42 14.44 
90.67 88.36 85.16 
0.234 0.299 0.374 
0.017 0.018 00.020 
0.1001 0.1291 0.1699 
0.975 1.187 1.451 


























































RUN NUMBER 30-2 30-5 30-10 39-15 
Composition of 
Initial Mixture* 
Acetic Acid 5.222 12.135 21.582 29.170 
Benzene 43.492 40.296 36.039 32.510 
Water 48.354 44.849 39.957 36.129 
Potassium Chloride 2.932 2. 720 2.423 2.191 
Composition of 
Aqueous Phase* 
Acetic Acid 8.940 19.30 31.93 40.99 
Benzene 0.22 0.41 0.63 0.87 
Water 85.59 75.66 63.55 54.78 
Potassium Chloride 5.247 4.631 3.893 3.358 
Composition of 
Organic Phase* 
Acetic Acid 0.527 1.976 4.625 7.136 
Benzene 99.40 97.92 95.23 92.66 
Water 0.069 0.094 0.136 0.187 
Potassium Chloride 0.009 0.010 0.013 0.015 
Hand Coordinates 
xcb/~b 0.00531 0.0205 0.0476 0.0761 
xca1Xaa 0.1031 0.253 0.497 0.733 
Distribution 
Coefficient 
Xca/Xcb 16.95 9.769 6.903 5.744 
*All compositions are given in weight per cent. 
2 7 
-
5. 717 '7. POTASSIUM CHLORIDE 
30-20 30-25 30-30 30-35 
35.386 40.712 45.158 49.007 
29.620 27.193 25,180 23.367 
32.993 30.261 27.967 26.046 
2.001 1.835 1.696 1.579 
47.78 52.97 56.94 60.34 
1.15 1.67 2.28 3.10 
48.09 42.71 38.45 34.45 
2.978 2.549 2.333 2.112 
9.598 12.05 14.39 16.87 
90.14 87.62 85.17 82.61 
0.244 0.320 0.414 0.496 
0.015 0.016 0.020 0.022 
0.1066 0.1434 0.1720 0.204 
0.973 1.260 1.478 1.734 



































T A B L E 2 8 
ACETIC ACID - BENZENE - WATER - 9.287 I. POTASSiliM CHLORIDE 
RUN NUMBER 31-2 31-5 31-10 31-15 31-:D 31-25 31-30 31-35 31-40 31-50 31-60 
Composition of 
Initial Mixture* 
Acetic Acid 5.138 11.975 21.315 28.882 35.030 40.376 44.780 48.661 52.006 57.482 61.901 
Benzene 43.108 39.923 35.638 32.305 29.448 27.044 25.050 23.250 21.770 19.216 17.247 
Water 46.948 43.634 39,051 35.298 32.224 29.555 27.369 25.481 23.789 21.137 18.916 
Potassium Chloride 4,806 4.467 3.998 3.614 3.298 3.026 2.802 2.609 2.435 2.164 1.937 
Composition of 
Aqueous Phase* 
Acetic Acid 8.661 18.78 31.16 40.17 46.91 52.30 56.28 59.48 62.26 65.36 66.74 
Benzene 0.19 0.34 0.50 0.68 0.90 1.43 2.03 2.78 3.30 6.09 8.38 
Water 82.64 73.32 61.95 53.63 47.34 41.96 37.81 34.24 31.23 25.87 22.48 
Potassium Chloride 8.512 7.5.56 6.390 5.516 4.852 4.313 3.884 3.508 3.210 2.682 2.397 
Composition of 
Organic Phase* 
Acetic Acid 0,568 2.140 4.866 7.436 9.936 12.43 14.98 17.54 20.18 25.07 30.61 
Benzene 99.36 97.75 94.98 92.38 89.80 87.23 84.60 81.94 79.18 73.09 68.04 
Water 0.072 0.093 0.141 0.186 o. 252 0.319 0.402 0.499 0.609 0.901 1.31 
Potassium Chloride 0,006 0.008 0.007 0.009 0.012 0.017 0.016 0.021 0.028 0.035 0.045 
Hand Coordinates 
xcb/~b 0.00571 0.0219 0.0502 0.0805 0.1106 0.1425 0.1790 0.215 0.255 0.331 0.452 
X /X 0.1042 0.255 
ca aa 
o.soo 0.747 0.991 1.243 1.490 1. 741 1.992 2.51 3.32 
Distribution 
Coefficient 
Xca/Xcb 15.26 8. 773 6.403 5.403 4. 721 4.208 3.758 3.391 3.085 2.607 2.180 
*All compositions are given in weight per cent. 
-l 







13.74% POTASSllJM CHLORIDE 
RUN NUMBER 66-2 66-5 66-10 66-15 66-20 66-25 66-30 66-35 66-40 66-50 66-60 
Composition of 
Initial Mixture* 
Acetic Acid 4.949 11.768 21.077 28.565 34.777 39.943 44.398 48.228 51.579 57.085 61.514 
Benzene 42.505 39.155 35.189 31.85 7 29.029 26.713 24.777 23.082 21.594 19.124 17.147 
Water 45.337 42.334 37.725 34.140 31.221 28.763 26.590 24.749 23.141 20.523 18.408 
Potassium Chloride 7.220 6.743 6.009 5.438 4.973 4.582 4.235 3.942 3.686 3.269 2.932 
Composition of 
Aqueous Phase* 
Acetic Acid 8.218 18.20 30.40 39.41 46.23 51.44 55.50 58.89 61.50 65.16 66.50 
Benzene 0.15 0.26 0.39 0.55 o. 78 1.26 1.82 2.46 3.03 5.54 7.73 
Water 78.97 70.20 59.65 51.72 45.66 40.76 36.80 33.31 30.60 25.19 22.36 
Potassium Chloride 12.67 11.34 9.562 8.315 7.326 6.537 5.886 5.338 4.870 4.114 3.409 
Composition of 
Organic Phase* 
Acetic Acid 0.620 2.330 5.366 8.105 10.64 13.11 15.66 18.27 20.88 26.14 31.38 
Benzene 99.30 97.57 94.47 91.66 89.08 86.53 83.37 81.16 78.46 72.89 67.22 
Water 0.079 0.095 0.156 0.226 0.263 0.342 0.460 0.541 0.640 0.945 1.35 
Potassium Chloride 0.006 0.008 0.009 0.011 0.014 0.017 0.018 0.020 0.024 0.031 0.052 
Hand Coordinates 
Xcb/Xcc 0.00625 0.0239 0.0548 0.0885 0.1195 0. 15 78 0.1865 0.225 0.271 0.358 0.466 
X /X 
ca aa 
0.1033 0.256 0.507 0.756 1.005 1. 256 1.867 1.762 2.02 2.54 3.14 
Distribution 
Coefficient 
xca1Xcb 13.24 7.814 5.666 4.862 4.343 3.923 3.718 3.222 2.946 2.493 2.119 





RUN NUMBER 67-2 67-5 67-10 
Canposition of 
Initial Mixture* 
Acetic Acid 4.993 11.602 20.805 
Benzene 41.807 38.862 34.806 
Water 44.082 41.046 36.781 
Potassium Chloride 9.119 8.491 7.608 
Composition of 
Aqueous Phase* 
Acetic Acid 8.123 17,62 29.70 
Benzene 0,13 0.19 0.29 
Water 75.98 66.18 57.88 
Potassium Chloride 15.77 14.11 12.13 
Composition of 
Organic Phase* 
Acetic Acid o. 701 2.521 5.685 
Benzene 99.23 97.35 94.16 
Water 0,068 0.123 0.146 
Potassium Chloride 
Hand Coordinates 
xcb/~b 0.00705 0.0259 Oo0564 
Xca/Xaa 0.1066 0.258 0.507 
Distribution 
Coefficient 
xca1Xcb ll.59 6.991 5.225 
*All compositions are given in weight per cent, 





67-15 67-20 67-25 67-30 
28.330 34.485 39.651 44.083 
31.549 28.834 26.525 24.627 
33.245 30.393 28.027 25.927 
6.877 6.287 5.798 5.363 
38.78 47,12 50.89 55.07 
0.44 0.63 1.12 1.64 
50.28 42.98 39.70 35.82 
10.50 9.274 9.294 7.468 
8.537 11.06 13.58 16.17 
91.24 88,65 86.06 83.38 
0.208 0.273 0.335 0.423 
0.0935 0.1248 0.1634 0.1990 
0.765 1.098 1. 272 1.530 

















































T A B L E 
ACETIC ACID - BENZENE - WATER 
RUN NUMBER 68-2 68-5 68-10 68-15 
Composition of 
Initial Mixture* 
Acetic Acid 4.947 11.451 20.599 28.001 
Benzene 41.311 38.375 34.529 31.286 
Water 42.457 39.638 35.449 32.164 
Potassium Chloride 11.286 10.537 9.423 8.550 
Composition of 
Aqueous Phase* 
Acetic Acid 7.886 17.13 29.05 38.60 
Benzene 0.10 0.14 0.20 0.34 
Water 72.75 65.30 55,82 47.72 
Potassium Chloride 19.27 17.43 14.93 13.34 
Composition of 
Organic Phase* 
Acetic Acid 0.793 2.778 6.149 8.943 
Benzene 99.13 97.12 93.69 90.84 
Water 0.071 0.097 0.151 0.205 
Potassium Chloride 0.004 0.007 0.009 0.010 
Hand Coordinates 
xcb/~b 0.00801 0.0286 0.0655 0.0984 
X /X 0.1087 
ca aa 
0.261 0.516 o. 770 
Distribution 
Coefficient 
Xca/Xcb 9.950 6.166 4. 725 4.316 
*All compositions are given in weight per cent. 
s indicates solid salt is present at equilibrium. 
3 l 
- 21.00% POTASSIUM CHLORIDE 
68-20 68-25 68-30 68-35 
s 
33.628 39.342 43.718 47.623 
28.121 26.328 24.425 22.721 
28.936 27.121 25.167 23.429 
7.692 7.209 6.690 6.228 
44.78 50.36 54.72 58.26 
0.51 0.97 1.40 1.93 
43.11 38.32 34.48 31.16 
11.60 10.35 9.401 8.650 
11.69 14.14 16.64 19.27 
88.02 85.50 82.93 80.19 
0.272 0.346 0.415 0.513 
0.012 0.015 0,017 0.020 
0.1327 0.1655 0.201 0.240 
1.098 1.298 1.553 1.817 
3.832 3.562 3.288 3.023 




































T A B L E 
P R 0 P I 0 N I C A C I D 
-
RUN NUMBER 13-2 13-4 13-5 13-7 
Composition of 
Initial Mixture* 
Propionic Acid 5.024 9.575 11.671 15.618 
Benzene 44.313 42.249 41.257 39.414 
Water 50.663 48.176 47.072 44.969 
Composition of 
Aqueous Phase* 
Propionic Acid 6.179 10.27 12,05 15.21 
Benzene 0,08 0.18 0,28 0.41 
Water 93.74 89.55 87.67 84.38 
Composition of 
Organic Phase* 
Prop ionic Acid 3.734 8,899 11.46 16.33 
Benzene 96.13 90.90 88.28 83.37 
Water 0.133 0.202 0.265 0.398 
Hand Coordinates 
Xcb/Xbb 0.0388 0.0980 0.1298 0.1957 
Xca/Xaa 0.0657 0.1142 0.1373 0.1802 
Distribution 
Coefficient 
XcaiXcb 1.654 1,154 1.051 0.9308 
*All compositions are given in weight per cent. 
3 2 
B E N Z E N E 
-
W ATE R 
13-10 13-15 13-17 13-20 
20.889 28.390 30.984 34.567 
36.968 33.466 32.259 30.570 
42.143 38.144 36.757 34.862 
19.40 26.26 28.79 32.68 
0.53 0.89 0.97 1.24 
80.06 71.95 70.24 66.08 
23.02 31.41 33.81 37.42 
76.34 67.35 65.62 61.63 
0.640 1.24 1.57 1.96 
0.301 0.467 0.509 0.610 
0.243 0.365 0.410 0.495 













































RUN NUMBER 15-2 15-5 15-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.972 11.593 20.790 
Benzene 44.099 41.079 36.780 
Water 49.926 46.396 41.594 
Lithium Chloride 1.003 0.932 0.836 
Composition of 
Aqueous Phase* 
Propionic Acid 5.673 10.84 17.31 
Benzene 0.08 0.24 0.43 
Water 92.38 87.24 80.70 
Lithium Chloride 1.873 1.637 1.568 
Composition of 
Organic Phase* 
Propionic Acid 4.208 12.72 24,89 
Benzene 95.64 86.97 74.36 
Water 0.142 0.285 o. 723 
Lithium Chloride 0.007 o.oo8 0.019 
Hand Coordinates 
Xc/Xbb 0.0440 0.1460 0.335 
X /X 
ca aa 
0.0613 0.1241 0.215 
Distribution 
Coefficient 
Xca1Xcb 1.348 0.8560 0.6954 
*All compositions are given in weight per cent. 




1. 970 % LITHIUM 
15-15 15-20 15-25 15-30 
28.272 34.408 39.654 44.050 
33.306 30.473 27.997 25.970 
37.665 34.427 31.712 29.379 
o. 757 0.692 0.637 0.590 
23.01 28.36 33.37 39.61 
0.67 0.97 1.38 2.13 
74.84 69.27 63.96 57.09 
1.483 1.400 1.293 1.178 
34.27 41.32 46.06 50.10 
64.34 56.54 '10.54 45.19 
1.36 2.11 3.36 4.66 
0.027 0.034 0.039 0.048 
0.533 0.766 0.911 l.llO 
0.308 0.411 0.523 0.695 




































PROPIONIC ACID - BENZENE 
RUN NUMBER 16-2 16-5 16-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.947 11.498 20.612 
Benzene 43.612 40.599 36.408 
Water 48.487 45.162 40.512 
Lithium Chloride 2.954 2.752 2.468 
Composition of 
Aqueous Phase* 
Propionic Acid 4.780 8. 777 13.59 
Benzene 0.09 0.20 0.31 
Water 90.36 86.27 81.36 
Lithium Chloride 4. 778 4.765 4.741 
CompositiOn of 
Organic Phase* 
Propionic Acid 5.241 14.66 27.69 
Benzene 94.62 85.04 72.53 
Water 0.131 0.301 0.767 
Lithium Chloride 0.006 0.009 0.017 
Hand Coordinates 
xcb/Xbb 0.0553 0.1725 0.382 




Xca/Xcb 0.9120 0.5989 0.4909 
*All compositions are given in weight per cent. 
T A B L E 3 4 
- WATER . 5.743% 
16-15 16·20 16-25 
28.781 34.165 39.370 
32.692 30.219 27.825 
36.314 33.571 30.922 
2.213 2.045 1.884 
17.58 20.07 22.46 
0.38 0.45 0.56 
77.34 74.85 72.28 
4. 709 4.634 4.703 
38.60 45.13 50.86 
59.80 52.23 45.46 
1.57 2.61 3.65 
0.024 0.031 0.037 
0.645 0.864 1.140 
0.232 0.273 0.316 























































RUN NUMBER 17-2 17-5 17-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.888 11.416 20.446 
Benzene 43.262 40.274 36.116 
Water 47.122 43.905 39.478 
Lithium Chloride 4.728 4.405 3.961 
Composition of 
Aqueous Phase* 
Propionic Acid 3.968 7.097 10.50 
Benzene 0.10 0.17 0.24 
Water 87.25 84.35 81.31 
Lithium Chloride 8.694 8.392 7.957 
Composition of 
Organic Phase* 
Propionic Acid 5,983 16.18 30.27 
Benzene 93.87 83.49 68.84 
Water 0.138 0.323 0.879 
Lithium Chloride 0.005 0.008 0.015 
Hand Coordinates 
X /X 
cb bb 0.0637 0.1935 0.440 
Xc/Xaa 0.0456 0.0860 0.1338 
Distribution 
Coefficient: 
Xca/Xcb 0.6632 0.4386 0.3468 
*All compositions are given in weight per cent. 




9,118 % LITHIUM 
17-15 17-20 17-25 17-30 
27.943 33.912 39.144 43.771 
32.846 30.018 27.667 25.794 
35.636 32.781 30.164 27.661 
3.575 3.289 3.026 2.775 
12.91 14.67 15.91 16.44 
0.31 0.37 0.44 0.51 
79.02 77.08 7 5.62 74.89 
7.763 7.885 8.031 8.165 
40.69 46.46 55.10 57.64 
57.74 50.08 41.25 37.83 
1.55 2.43 3.62 4.48 
0.023 0.029 0.032 0.041 
0.705 0,930 1.333 1.523 
0.1703 0.1963 0.210 0.224 




































T A B L E 3 6 
PROPIONIC ACID 
-
BENZENE - \<lATER - 13.68 % LITHIUM CHLORIDE 
RUN NUMBER 51-2 51-S 51-10 51-15 51-20 51-25 51-30 51-35 51-40 51-45 
Composition of 
Initial Mixture* 
Propionic Acid 4.793 11.276 20.259 27.590 33.678 38.842 43.263 47.075 50.388 53.325 
Benzene 42.773 39.812 35.764 32.544 29.763 27.416 25.423 23.721 22.221 20.913 
Water 45.261 42.221 37.961 34.412 32.295 29.126 27.030 25.208 23.6f.J-4 22.237 
Lithium Chloride 7.173 6.691 6.016 5.454 5.118 4.616 4.284 3.995 3.747 3.524 
Composition of 
Aqueous Phase* 
Propionic Acid 3.000 5.135 7.346 8, 775 9.792 10.41 10.81 11.05 11.22 11.32 
Benzene 0.07 0.14 0.19 0.24 0.28 0.33 0.39 0.43 0.48 0.49 
Water 83.79 81.81 80.03 79.64 77.48 76.77 76.25 75.67 75.15 74.78 
Lithium Chloride 13.14 12.92 12.44 12.35 12.45 12.49 12.55 12.85 13.15 13.41 
Composition of 
Organic Phase~ 
Propionic Acid 6.946 17.86 32.31 42.39 49.82 55.40 59.92 63.14 65.74 68.01 
Benzene 92.92 81.82 66.85 56.26 48.12 41.92 36.76 32.84 29.92 27.23 
Water 0.128 0.316 0.829 1.32 2.03 2.65 3.28 3.98 4.28' 4.69 
Lithium Chloride 0.005 0.008 0.014 0.021 0.026 0.032 0.038 0.043 0.062 0.068 
Hand Coordinates 
xcb/Xbb 0.0747 0.218 0.483 0.753 1.035 1.320 1.630 1.923 2.20 2.50 
Xca1Xaa 0.0367 0.0631 0.0953 O.ll50 0.1300 0.1392 0.1471 0.1518 0.1543 0.1564 
Distribution 
Coefficient 
Xca/Xcb 0.4319 0.2875 0.2273 o. 2070 0.1965 0.1878 0.1804 0.1750 0.1706 0.1664 
*All compositions are given in weight per cent. 
-_, 
...J;) 
T A B L E 3 7 
PROPIONIC ACID 
- BENZENE - WATER - 17.61% LITHIUM CHLORIDE 
RUN NUMBER 52-2 52-5 52-10 52-15 52-20 52-25 52-30 52-35 52-40 52-45 
Composition of 
Initial Mixture* 
Propionic Acid 4. 795 11.153 20.125 27.383 33.396 38.567 42.974 46.774 50.066 53.065 
Benzene 42.158 39.385 35.338 32.256 29.511 27.254 25.315 23.564 22.124 20.805 
Water 43.706 41.070 36.694 33.253 30.561 28.160 26.127 24.438 22.913 21.528 
Lithium Chloride 9.342 8.392 7.843 7.108 6.532 6.019 5.584 5.223 4.897 4.601 
Composition of 
Aqueous Phase* 
Propionic Acid 2.377 4.014 5.516 6.527 7.262 7.744 8.073 8.342 8.529 8.593 
Benzene 0.08 0.10 0.15 0.19 0.21 0.25 0.29 0.32 0.35 0.38 
Water 80.87 79.48 78.13 77.13 76.48 75.84 75.37 74.93 74.43 74.19 
Lithium Chloride 16.68 16.41 16.21 16.16 16.05 16.17 16.27 16.41 16.70 16.84 
Composition of 
Organic Phase* 
Propionic Acid 7. 712 18.91 33.80 43.72 51.27 56.76 61.10 64.58 67.10 69.57 
Benzene 92.17 80.86 65.50 '55.17 47.16 41.23 36.50 32.64 29.85 27.10 
Water 0.117 0.224 0.685 1.09 1.54 1.99 2.38 2.75 3.00 3.28 
Lithium Chloride 0.004 0.007 0.013 0.019 0.024 0.028 0.034 0.042 0.055 0.061 
Hand Coordinates 
xcb/~b 0.0837 0.234 0.516 0.791 1.085 1.375 1.671 1.973 2.25 2.56 
Xca/Xaa 0.0297 0.05ll 0.0734 0.0878 0.0984 0.1068 0.1124 0.1170 0.1193 0.1218 
Distribution 
Coefficient 
Xc/Xaa 0.3082 0.2123 0.1632 0.1493 0.1416 0.1364 0.1321 0.1292 0.1271 0.1235 
*All compositions are given in weight per cent. 
~ 





WATER - 21.23 'J. LITHIUM CHLORIDE 
RUN Nt'MBER 53-2 53-5 53-10 53-15 53-20 53-25 53-30 53-35 53-40 53-45 
Composition of 
Initial Mixture* 
Propionic Acid 4. 710 11.056 19.918 27.010 33.226 38.336 42.647 46.520 49.817 52.821 
Benzene 41.764 39.005 35.103 32.079 29.277 27.070 25.098 23.428 21.998 20.636 
Water 42.162 39.347 35.430 32.225 29.535 27.249 25.407 23.672 22.201 20.908 
Lithium Chloride ll.364 10.605 9.549 8.685 7.960 7.344 6.848 6.380 5.984 5.635 
Composition of 
Aqueous Phase* 
Propionic Acid 1.929 3.150 4.351 5.138 5. 718 6.132 6.463 6.720 6.881 7.055 
Benzene 0.06 0.07 0.10 0.12 0.15 0.18 0.18 0.22 0.25 0.28 
Water 77.41 76.31 75.13 75.04 74.36 73.86 73.47 73.09 72.69 72.06 
Lithium Chloride 20.61 20.47 20.42 19.71 19.78 19.83 19.89 19.97 20.18 20.61 
Composition of 
Organic Phase* 
Propionic Acid 8.093 19.55 34.88 44.18 51.55 54.72 61.58 65.19 67.80 69.89 
Benzene 91.78 80.19 64.55 54.94 47.28 43.82 36.66 32.83 29.99 27.93 
Water 0.124 0.251 0.552 0.856 1.15 1.44 1.73 1.94 2.16' 2.32 
Lithium Chloride 0.003 0.006 0.012 0.018 0.022 0.025 0.031 0.043 0.052 0.057 
Hand Coordinates 
xcb/Xbb 0.0881 0.244 0.544 0.805 1.090 1.237 1.682 1.987 2.26 2.50 
Xc/Xaa 0.0252 0.0420 0.0600 0.0711 0.0791 0.0857 0.0913 0.0963 0.0981 0.1003 
Distribution 
Coefficient 
Xc/Xcb 0.2384 0.1611 0.124 7 0.1163 0.1109 0.1121 0.1050 0.1031 0.1015 0.1004 





RUN NUMBER 18-2 18-5 18-10 
Composition of 
Initial Mixture* 
Prop ionic Acid 4.991 11.606 20.752 
Benzene 44.078 40.964 36.771 
Water 49.917 46.481 41.626 
Sodium Chloride 1.020 0.950 0.850 
Composition of 
Aqueous Phase* 
Propionic Acid 6.055 ll.l9 17.91 
Benzene 0.09 0.24 0.46 
Water 92.25 86.99 80.07 
Sodium Chloride 1.614 1.582 1.565 
Composition of 
Organic Phase* 
Propionic Acid 4.169 12.22 24.08 
Benzene 95.72 87.51 75.15 
Water 0.108 0.263 0.763 
Sodium Chloride 0.008 0.009 0.014 
Hand Coordinates 
xcb/~b 0.0434 0.1398 0.320 
Xca1Xaa 0.0656 0.1309 0.228 
Distribution 
Coefficient 
Xc/Xcb 1.452 0.9153 0.7439 
*All compositions are given in weight per cent. 
T A B L E 3 9 
-
WATER 
- 2.002 % 
18-15 18-20 18-25 
28.261 34.482 39.638 
33.276 30.457 28.021 
37.694 34.260 31.695 
o. 770 0.702 0.648 
23.96 29.85 35.58 
o. 79 0.99 2.14 
73.80 67.85 61.13 
1.453 1.313 1.148 
33.02 39.62 44.64 
65.64 58.27 52.30 
1.32 2.09 3.03 
0.017 0.024 0.030 
0.503 0.680 0.853 
0.333 0.450 0.604 























































RUN NUMBER 19·2 19•5 19-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.944 11.503 20.518 
Benzene 43.441 40.474 36.345 
Water 48.590 45.207 40.610 
Sodium Chloride 3.026 2.816 2.529 
Composition of 
Aqueous Phase* 
Propionic Acid 5.254 9.647 15.16 
Benzene 0.10 0.21 0.38 
Water 89.17 85.01 79.65 
Sodium Chloride 5.487 5.145 4.815 
Composition of 
Organic Phase* 
Propionic Acid 5.020 13.74 26.41 
Benzene 94.86 85.95 72.80 
Water 0.125 0.305 0.767 
Sodium Chloride 0.010 0.012 Oo016 
Hand Coordinates 
xcb/~b 0.052.7 0.1599 0.360 
Xca/Xaa 0.0589 0.1169 0.1974 
Distribution 
Coefficient 
Xca/Xcb 1.047 o. 7023 0.5738 
*All compositions are given in weight per cent. 
T A B L E 4 0 
-
WATER - 5.863 '%. SODIUM 
19-15 19-20 19-25 19-30 
27.952 34.167 39.306 43.774 
32.985 30.118 27.741 25.749 
36.772 33.622 31.021 28.690 
2.290 2.094 1.932 1.787 
19.87 24.39 28.73 32.88 
00.73 00.94 1.33 1.72 
75.00 70.36 65.81 61.45 
4.407 4.317 4.138 3.957 
36.60 43.24 48.36 52.48 
61.96 54.23 42.08 40.44 
1.43 2.49 3.52 5.03 
0.026 0.035 0.043 0.053 
0.591 0.797 1.150 1.298 
0.284 0.351 0.455 0.564 







































RID! NUMBER 20-2 20-5 20-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.879 11.296 20.327 
Benzene 42.918 39.898 35.973 
Water 47.295 44.216 39.591 
Sodium Chloride 4.908 4.589 4.109 
Composition of 
Aqueous Phase* 
Propionic Acid 4.503 8.178 12.73 
Benzene 0.09 0.18 0.27 
Water 86.88 83.48 79.16 
Sodium Chloride 8.531 8.178 7.849 
Composition of 
Organic Phase* 
Propionic Acid 5.576 14.96 28.62 
Benzene 94.27 84.70 70.59 
Water 0.143 0.320 o. 771 
Sodium Chloride 0.009 0.016 0.023 
Hand Coordinates 
xcb/X.,b 0.0591 0.1765 0.405 
Xca/Xaa 0.0519 0.0981 0.1691 
Distribution 
Coefficient 
Xca/Xcb 0.8076 0.5465 0.4449 
*All compositions are given in weight per cent. 





20-15 20-20 20-25 
27.690 33.644 38.939 
32.645 29.947 27.532 
35.936 32.985 30.376 
3.730 3,424 3.153 
16.29 19.27 22.20 
0.38 0.46 0.58 
75.60 72.66 69.69 
7.735 7.615 7.530 
38.50 45.25 51.34 
59.95 52.31 45.09 
1.53 2.40 3.51 
0.031 0.038 0.059 
0.642 0.864 1.135 
0.225 0.272 0.333 























































RUN NUMBER 54-2 54-5 54-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.790 11.109 20.096 
Benzene 42. ;SO 39.368 35.286 
Water 45.817 42.764 38.528 
Sodium Chloride 7.243 6.760 6.090 
Composition of : · 
Aqueous Phase* 
Propionic Acid 3.616 6.424 9.662 
Benzene 0.08 0.14 0.21 
Water 83.30 80.83 78.03 
Sodium Chloride 13.01 12.61 12.06 
Composition of 
Organic Phase* 
Propionic Acid 6.262 16.52 30.72 
Benzene 93.59 83.13 68.44 
Water 0.143 0.342 0.828 
Sodium Chloride 0.007 0.009 0.015 
Hand Coordinates 
Xc/Xbb 0.0671 0.1983 0.448 
X /X 0.0439 0.0806 0.1261 
ca a a 
Distribution 
Coefficient 
X /X 0.5775 0.2890 0.3146 
ca cb 
*All compositions are given in weight per cent. 
T A B L B 4 2 
-
WATER - 13.65 % 
54-15 54-20 Sli-25 
27.354 33.378 38.626 
32.120 29.512 27.177 
34.995 32.045 29.529 
5.532 5.066 4.668 
ll.-99 13.74 15.00 
0.30 0.37 0.43 
75.76 74.05 72.32 
11.95 11.84 12.25 
40.53 47.97 52.30 
57.84 49.50 44.01 
1.60 2.50 3.64 
0.023 0.031 0.047 
0.702 0.968 1.188 
0.1612 0.1911 0.210 






















































RUN NUMBER 55-2 55-5 55-lO 
Compos it ion of 
Initial Mixture* 
Propionic Acid 4.720 10.970 19.822 
Benzene 41.649 38.908 35.045 
Water 44.294 41.396 37.276 
Sodium Chloride 9.337 s. 726 7.858 
Ccmposition of 
Aqueous Phase* 
Propionic Acid 2.973 5.157 7.539 
Benzene 0.08 0.13 0.16 
Water 80.05 78.28 76.32 
Sodium Chloride 16,90 16.44 15.99 
Composition of 
Organic Phase* 
Propionic Acid 6.906 17.54 31.96 
Benzene 92.94 82.11 67.17 
Water 0.148 0.344 0.852 
Sodium Chloride 0.007 0.009 0.018 
Hand Coordinates 
Xc/Xbb 0.0743 0.216 0.476 
Xc/Xaa 0.0383 0.0672 0.1001 
Distribution 
Coefficient 
Xc/Xcb 0.4306 0,2949 0.2359 
*All compositions are given in weight per cent. 





55-15 55-20 55-25 
26.955 33.094 38.238 
31.962 29.263 27.038 
33.930 31.089 28.679 
7.153 6.553 6.045 
9."130 10.26 10.96 
0.21 0.26 0.34 
74.98 73.90 72.87 
15.68 15.58 15.83 
41.88 49.10 54.98 
56.59 48.53 42.75 
1.51 2.34 3.23 
0.024 0.030 0.043 
0.740 1.010 1.287 
0.1240 0.1410 0. 1518 























































RUN NUMBER 56-2 56-5 56-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.680 10.830 19.561 
Benzene 41.021 38.361 34.627 
Water 42.717 39.972 36.040 
Sodium Chloride 11.582 10.838 9.772 
Composition of 
Aqueous Phase* 
Propionic Acid 2.401 4.044 5.756 
Benzene 0.08 0.08 0.10 
Water 76.92 75.79 74.34 
Sodium Chloride 20.60 20.09 19.81 
CCRDposition of 
Organic Phase* 
Propionic Acid 7.607 22.85 32.94 
Benzene 92.25 76.R2 66.26 
Water 0.136 0.324 0.784 
Sodium Chloride 0.005 0.007 0.017 
Hand Coordinates 
xcb/~b 0.0825 0.297 0.496 
X /X 
ca aa 
0.0313 0.0546 0.0780 
Distribution 
Coefficient 
Xc/Xcb 0.3157 0.1770 0.1747 
*All compositions are given in weight per cent. 
T A B L E 4 4 
- WATER - 21.33 % 
56-15 56-20 56-25 
26.775 32.840 37.846 
31.528 28.936 26.762 
32.803 30.071 27.842 
8.894 8.153 7.549 
6.869 7.618 8.501 
0.13 0.14 0.18 
73.28 71.94 71.27 
19.73 20.31 20.50 
43.07 49.69 52.58 
56.41 48.22 44.62 
1.49 2.06 2.74 
0.023 0.029 0.050 
0.760 1.024 1.160 
0.0953 0.1060 0.1135 






















































RUN NUMBER 21-2 21-5 21-10 
Composition of 
Initial Mixture* 
Propionic Acid 5.002 11.602 20.805 
Benzene 44.053 40.984 36.736 
Water 49.926 46.466 41.609 
Potassium Chloride 1.019 0.949 0.850 
Composition of 
Aqueous Phase* 
Propionic Acid 5.930 11.50 18.58 
Benzene 0.07 0.23 0.46 
Water 92.26 86.70 79.41 
Potassium Chloride 1.741 1.571 1.553 
Composition of 
Organic Phase* 
Propionic Acid 3.975 ll.89 23.86 
Benzene 95.92 87.84 75.49 
Water 0.099 0.256 0.624 
Potassium Chjoride 0.006 0.010 0.018 
Hand Coordinates 
xcb/Xbb 0.0636 0.1351 0.316 
X /X 0.0641 0.1328 0.233 ca aa 
Dis tr ibut ion 
Coefficient 
Xca/Xcb 1.478 0.9667 o. 7784 
*All compositions are given in weight per cent. 




2.001 "/, POTASSIUM 
21-15 21-20 21-25 21-30 
28.299 34.418 39.652 44.076 
33.309 30.433 27.997 25.943 
37.624 34.446 31.704 29.355 
0.768 0.703 0.647 0.600 
24 •. 94 31.29 37.27 42.90 
0.78 1.07 2.18 3.10 
72.77 66.19 59.25 52.79 
1.517 1.459 1.307 1.217 
32.78 38.94 43.14 46.93 
65.96 59.15 54.16 49.23 
1.24 1.89 2.77 3.80 
0.022 0.030 0.035 0.044 
0.496 0.658 0.796 1.080 
0.343 0.473 0.629 0.811 




















































TAB L E 4 6 
PROPIONIC ACID - BENZENE - WATER - 5.717 i. POTASSIUM CHLORIDE 
RUN NUMBER 11-2 11-5 11-10 11-15 ll-20 11-25 11-30 11-35 11-40 11-45 
Composition of 
Initial Mixture* 
Propionic Acid 4.935 11.467 20.563 28.134 34.108 39.336 43.734 47.551 50.944 53.836 
Benzene 43.549 40.529 36.411 32.828 30.184 27.788 25.775 24.030 22.463 21.147 
Water 48.570 45.260 40.566 36.806 33.667 30.997 28.748 26.794 25.073 23.587 
Potassium Chloride 2.945 2.744 2.560 2.232 2.042 1.880 1.743 1.625 1.520 1.430 
Composition of 
Aqueous Phase* 
Propionic Acid 5.520 10.54 16.90 22.53 28.26 34.13 40.08 45.33 50.22 54.12 
Benzene 0.06 0.19 0.40 0.67 0.94 1.85 2.64 4.38 8.54 11.89 
Water 89.06 84.10 77.74 72.10 66.28 59.74 53.24 46.37 37.45 30.35 
Potassium Chloride 5.361 5.172 4.961 4.700 4.526 4.287 4.044 3.928 3.791 3.641 
Composition of 
Organic Phase* 
Propionic Acid 4.314 12.91 25.07 34.09 40.52 45.39 49.13 51.81 53.50 54.97 
Benzene 95.50 86.82 74.20 64.55 57.39 51.74 47 .ll 43.39 40.58 36.14 
water 0.184 0.267 0.711 1.34 2.06 2.82 3.69 4.69 5.75 7.57 
Potassium Chloride 0.008 0.012 0.020 0.027 0.038 0.051 0.068 0.097 0.162 0.318 
Hand Coordinates 
xcb/Xbb 0.0451 0.1488 0.338 0.528 o. 706 0.876 1.043 1.191 1.319 1.548 
Xca/Xaa 0.0620 0.1254 0.218 0.313 0.426 0.572 0.753 0.977 1.342 1. 782 
Distribution 
Coefficient 
xca/Xcb 1.280 0.8165 0.6740 0.6610 0.6975 0.7521 0.8157 0.8749 0.9387 0.9670 
*All compositions are given in weight per cent. 
~ 
PROP IONIC ACID 
-
BENZENE 
RUN NUMBER 22·2 22-5 22-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.879 11.407 20.388 
Benzene 43.052 40.132 36.037 
Water 47.234 43.961 39.529 
Potassium Chloride 4.836 4.501 4.047 
Composition of 
Aqueous Phase* 






Propionic Acid 3.804 11.05 21.02 
Benzene 96.07 88.68 78.28 
Water 0.119 0.261 0.693 
Potassium Chloride 0.008 0.012 0.016 
Hand Coordinates 




Xca/Xcb 1.336 0.8696 0. 7267 
*All compositions are given in weight per cent. 
T A B L E 4 7 
- WATER - 9.287% POTASSIUM 
22-15 22-20 22-25 22-30 
27.687 33.878 39.032 43.43f 
32.710 29.945 27.597 25.613 
35.926 32.818 30.272 28.075 
3.678 3.360 3,099 2.874 
16.50 20.66 25.23 29.88 
28.80 34.62 38.19 41.11 
70.92 63.32 58.83 54.93 
1.25 2.01 2.92 3.86 
0.025 0.040 0.071 0.097 
0.406 0.547 0.648 0.749 



































13.74 % POTASSIUM CHLORIDE 
RUN NUMBER 5 7-2 57-5 57-10 57-15 57-20 57-25 57-30 57-35 57-40 57-45 
Composition of 
Initial Mixture* 
Propionic Acid 4.801 11.192 20.171 27.446 33.498 38.648 43.094 46.920 50.265 53.159 
Benzene 42,418 39.559 35.545 32.325 29.644 27.292 25.376 23,627 22.147 20.866 
Water 45.529 40.808 38.200 34.701 31.794 29.380 27.198 25,406 23.798 22.417 
Potassium Chloride 7,252 6.767 6.085 5.527 5.064 4.680 4.332 4.047 3. 791 3.569 
Composition of 
Aqueous Phase* 
Propionic Acid 4.519 8.472 13.28 17.{+8 21.70 26.44 31.99 37.90 43.94 48.74 
Benzene 0.04 0.13 0.27 0.45 0.64 1.18 1.71 2.84 5.62 8.93 
Water 82.37 79.08 74.56 71.02 66.99 62.26 56.69 51.51 43.01 35.87 
Potassium Chloride 13.08 12.32 11.89 11.05 10.67 10.13 9.619 7.753 7.430 6.463 
Composition of 
Organic Phase* 
Propionic Acid 5.184 14.49 27.84 37.18 44.06 49.13 51.89 55.17 56.24 57.71 
Benzene 94.69 85,30 71.39 61.40 53.70 47.58 43.97 39.72 37.61 34.48 
Water 0,126 0.301 0.752 1.39 2.20 3.20 4.00 4.91 5.83 7.22 
Potassium Chloride 0.006 0.010 0.020 0.029 0.046 0.092 0.142 0.200 0.325 0.586 
Hand Coordinates 
xcb/~b 0.0548 0.1700 Oo39Q 0.605 0.821 1.031 1.181 1.389 1.497 1.673 
Xca/Xaa 0.0533 0.1121 0.1818 0.254 0.334 0.434 0.568 o. 751 1.030 1.312 
Distribution 
Coefficient 
Xca/Xcb 0.8717 0.5846 0.4769 0.4702 0.4925 0.5383 0.6164 0.6870 0.7814 0.8444 





RUN NUMBER 58-2 58-5 58-10 
Composition of 
Initial Mixture* 
Propionic Acid 4.756 11.085 19.837 
Benzene 41.945 39.108 33.150 
Water 44.163 41.269 37.117 
Potassium Chloride 9.135 8.537 7.678 
Composition of 
Aqueous Phase* 
Propionic Acid 4.122 7.574 11.73 
Benzene 0.03 O.ll 0.23 
Water 79.75 76.65 73.04 
Potassium Chloride 16.10 15.67 15.00 
Composition of 
Organic Phase* 
Propionic Acid 5.586 17.16 33.28 
Benzene 94.27 82.52 65.95 
Water 0.138 0.309 o. 744 
Potassium Chloride 0.008 0.013 0.022 
Hand Coordinates 
xcb/~b 0.0592 0.208 0.505 
X /X 
ca aa 
0.0518 0.1013 0.1625 
Distribution 
Coefficient 
Xca/Xcb 0.7380 0.4415 0.3523 
*All compositions are gil en in weight per cent. 
T A B L E 4 9 
-
WATER 
- 17.14 '· 
58-15 58-20 58-25 
27.126 33.236 38.391 
32.071 29.388 27.081 
33.810 30.970 28.610 
6.994 6.406 5.918 
15.32 18.89 22.96 
0.35 0.49 0.83 
69.85 66.68 62.85 
14.48 13.94 13.36 
38.27 45.32 50.45 
60,28 52.43 46.36 
1.42 2.19 3.09 
0,027 0.055 0.102 
0.634 0.862 1.088 
0.225 0.290 0.375 

























































\.,YATER - 21.00 "!. POTASSIUM CHLORIDE 
RUN NUMBER 59-2 59-5 59-10 59-15 59-20 59-25 59-30 59-35 59-40 59-45 
Composition of 
Initial Mixture* 
Propionic Acid 4. 705 10.907 19.70 7 26.860 32.949 38.067 42.403 46.258 49.475 52.538 
Benzene 41.451 38.612 34.767 31.788 29.078 26.892 25.022 23.349 21.922 20.608 
Water 42.536 39.880 35.966 32.669 29.998 27.682 25.734 24.010 22.596 21.215 
Potassium Chloride 11.307 10.601 9.561 8.684 7.974 7.539 6.841 6.382 6.007 5.639 
Composition of 
Aqueous Phase* 
Propionic Acid 3.693 6.633 10.19 13.08 15.95 18.92 22.48 28.52 36.25 45.43 
Benzene 0.02 0.09 0.20 0.27 0.36 0.53 0.81 1.25 2.53 6.38 
Water 76.33 73.71 70.81 68.45 65.83 63.25 59.89 54.78 48.09 38.27 
Potassium Chloride 19.90 19.57 18.80 18.20 17.86 17.30 16.82 15.35 13.13 9.921 
Composition of 
Organic Phase* 
Propionic Acid 6.036 15.95 29.98 39.40 46.41 51.95 55.54 58.03 59.42 60.26 
Benzene 93.82 83.72 69.27 59.14 51.39 45.65 40.25 36.48 33.88 31.18 
Water 0.141 0.311 0.735 1.43 2.14 3.25 3.95 5.07 6.15 7.58 
Potassium Chloride 0.008 0,016 0.024 0.032 0.064 0.145 0.260 0.433 0.651 0.986 
Hand Coordinates 
xcb/Xbb 0.0643 0.1902 0.434 0.678 0.903 1.139 1.380 1.576 1. 751 1.932 
Xca/Xaa 0.0494 0.0904 0.1460 0.1911 0.245 0.309 0.383 0.542 0.816 1.345 j 
Distribution 
Coefficient 
Xca/Xcb 0.6119 0.4158 0.3398 0.3321 0.3436 0.3643 0.4047 0.4915 0.6101 0.7540 




T A B L E S I 
BUTYRIC A C I D 
-
B r: N Z E N E 
RLr;-; Nl.i11BER 32-1 32~2 32-5 32- 1 0 32-15 32-20 
Composition of 
lnltial Mixtur~* 
Butyric Acid 2.435 4.866 11.320 20.282 27.687 33.762 
Benzene 45.594 44.500 41.549 37.368 33.861+ 31.023 
Water 51.971 50.635 47.132 42.350 38.449 35.216 
Composition of 
Aqueous Phase* 
Butyric Acid 1.562 2.883 4.008 5.674 6,846 7.805 
Benzene 0.15 0.23 0.32 0.40 0.52 0.60 
.,;ater 98.29 96.89 95.68 93.93 92.64 91.60 
Composition of 
Organic Phase* 
Butyric Acid 3.467 7.648 18.55 32.47 42.27 49.57 
Benzene 96.43 92.19 81.12 66.79 56.37 48.40 
water 0.102 0.15 7 0.327 0.735 1.36 2.03 
Hand Coordinates 
xcb/xbb 0.0359 0.0828 0.229 0.486 o. 750 1.026 
Xca/Xaa 0.0163 0.0326 0.0424 0.0650 0.0748 0.0870 
Distribution 
Coefficient 
Xca1Xcb 0.4506 0.3770 0.2160 0.1748 0.1620 0.1575 
*All compositions are given in weight per cent. 
-
'.1 A T E R 
32-25 32-30 32-35 32-40 
38.986 43.331 47.211 50.427 
28.612 26.497 24.684 23.175 
32.402 30.173 28.105 26.398 
8.490 9.014 9.487 9.983 
0.70 0.78 0.76 0.83 
90.81 90.21 90.16 89.19 
54.78 58.32 61.55 63.44 
42.33 37.99 33.60 30.63 
2.87 3.79 4.85 5.93 
1.295 1.535 1.832 2.07 
0.0950 0.1000 0.1055 0. 1108 
















































RUN NUMBER 33-1 33-2 33-5 33-10 
Composition of 
Initial Mixture* 
Butyric Acid 2.477 4.833 11.262 20.263 
Benzene 45.390 44.293 41.252 3 7.113 
Water 51.628 49.8 72 46.551 41.784 
Lithium Chloride 1.027 1.002 0.935 0.840 
Composition of 
Aqueous Phase* 
Butyric Acid 1.367 2.073 3.350 4. 719 
Benzene 0.10 0.17 0.22 0.28 
Water 96.67 95.90 94.59 93.20 
Lithium Chloride 1.879 1.860 1.840 1;819 
Composition of 
Organic Phase* 
Butyric Acid 3.804 8.260 19.33 33.37 
Benzene 96.09 91.81 80.33 65.89 
Water 0.101 0.154 0.323 0. 735 
Lithium Chloride 0.009 0.010 0.013 0.014 
Hand Coordinates 
xcb/~b 0.0396 0.0875 0.241 0.522 
Xc)Xaa 0.01442 0.0223 0.0365 0.0526 
Distribution 
Coefficient 
Xca/Xcb 0.3594 0.2583 0.1733 0.1412 
*All compositions are given in weight per cent. 
5 2 
-
1. 9 70 % LITHIUM CHLORIDE 
33-15 33-20 33-25 33-30 
27.546 33.5 77 38.859 43.178 
33.651 30.917 28.508 26,457 
3 7. 98 7 34.807 32. 149 29. 766 
0. 763 0.699 0.646 0.598 
5.655 6.326 6.823 7.273 
0.36 0.49 0.47 0.61 
92.17 91.76 90.86 90.24 
1.823 1.831 1.853 1.884 
43.13 50.02 55.05 59.26 
55.59 48.02 42.24 37.31 
l. 26 1. 95 2. 70 3.41 
0.017 0.017 0.021 0.022 
0. 776 1.041 1.301 1.588 
0.0601 0.0708 0.0767 0.0820 






7.5 71 7.641 












































T A B L E 
BUTYRIC ACID - BENZENE - I.JATER -
RUN mJMBER 34-1 34-2 34-5 34-10 34-15 
Composition of 
Initial Mixture* 
Butyric Acid 2.459 4. 784 11.163 20.090 27.369 
Benzene 44.892 43.873 40.852 36.685 33.419 
I.Jater 49.626 48.379 45.229 40.742 36.961 
Lithium Chloride 3.024 2.948 2.756 2.482 2.252 
Composition of 
Aqueous Phase* 
Butyric Acid 1.045 1.489 2.386 3.306 3.885 
Benzene 0.08 0.07 0.10 0.18 0.13 
Water 93.27 92.96 92.23 91.08 90,53 
Lithium Chloride 5.617 5.499 5.292 5.446 5.469 
Composition of 
Organic Phase* 
Butyric Acid 4.181 8.579 20.66 34.08 43.69 
Benzene 95.70 91.27 79.01 65.19 55.16 
Water 0.109 0.154 0.323 0.719 1.14 
Lithium Chloride 0.008 0.010 0.011 0.013 0.017 
Hand Coordinates 
Xcb/Xbb 0.0437 0.0939 0.262 0.523 o. 792 
XcsfXaa 0.0116 0.0165 0.0266 0.0373 0.0439 
Distribution 
Coefficient 
Xca/Xcb 0.2498 0.1736 0.1155 0.0970 0.0889 
*All compositions are given in weight per cent. 
5 3 
5. 743 "/, LITHIUM CHLORIDE 
34-20 34-25 34-30 34-35 
33.415 38.562 42.962 46.789 
30.622 28.189 26.231 24.398 
33.898 31.339 29.038 27.159 
2.065 1. 910 1,769 1.655 
4.335 4.645 4.865 4.976 
0.19 00.23 0.28 0.26 
89.99 89.62 89.32 88.98 
5.493 5.519 5.548 5. 793 
50.99 56.16 60.72 63.30 
48.33 41.61 36.52 33.34 
l. 6 7 2.21 2. 78 3.33 
0.018 0.021 0.022 0.024 
1.053 1.349 1.664 1.900 
0.0496 0.0551 0.0570 0.0569 
0.0850 0.0827 0.0801 0.0786 
34-40 34-50 
50. 166 55.672 
22.801 20.406 
25.481 22.548 
1. 553 l. 374 
5.213 5.215 




























T A B L E 
BUTYRIC ACID - BENZENE - WATER 
RUN "!\'UMBER 35-1 35-2 35-5 35-10 
Composition of 
Initial Mixture* 
Butyric Acid 2.459 4. 722 11.038 19.861 
Benzene 44.394 43.357 40.511 36.473 
Water 48.301 47.186 44.034 39.685 
Lithium Chloride 4.846 4. 734 4.418 3.982 
Composition of 
Aqueous Phase* 
Butyric Acid o. 781 1.104 1. 752 2.282 
Benzene 0.11 0.07 0.15 0.11 
Water 90.22 90.00 89.33 aa:a1 
Lithium Chloride 8.893 8.830 8. 772 8. 743 
Composition of 
Organic Phase* 
Butyric Acid 4.533 8.427 20.44 34.45 
Benzene 95.36 91.41 79.25 64.88 
Water 0.0985 0.155 0.301 0.651 
Lithium Chloride 0.006 0.009 0.010 0.012 
Hand Coordinates 
xcb/~b 0.0475 0.0925 0.258 0.530 
Xca/Xaa 0.00895 0.01267 0.0202 0.0264 
Distribution 
Coefficient 
Xca/Xcb 0.1722 0.1310 0.0857 0.0662 
*All compositions are given in weight per cent. 
5 4 
-
9.118% LITHIUM CHLORIDE 
35-15 35-20 35-25 35-30 
27.102 33.138 38.265 42.686 
33.227 30.455 28.168 26.123 
36.055 33.087 30.507 28.347 
3.617 3.320 3.061 2.844 
2.843 3.172 3.338 3.577 
0.13 0.18 0.12 0.16 
88.31 87.90 87.69 87.33 
8:726 8. 759 8.861 8.940 
44.21 5l.34 56.58 60.79 
54.72 47.07 41.51 36.78 
1.05 1.58 1.89 2.51 
0.014 0.016 0.019 0.021 
0.809 1.089 1.360 1.655 
0.0332 0.0371 0.0392 0.0422 



















































T A B L E 
BUTYRIC ACID 
-
BENZENE - WATER 
RUN NUMBER 42-l 42-2 42-5 42-lO 
Composition of 
Initial Mixture* 
Butyric Acid 2.429 4.648 10.884 19.661 
Benzene 43.810 42.798 40.042 36.085 
Water 46.407 45.365 42.360 38.200 
Lithium Chloride 7.355 7.190 6. 713 6.054 
Composition of 
Aqueous Phase* 
Butyric Acid 0.525 0. 728 1.189 1.609 
Benzene 0.03 0.06 0.00 o:oa 
Water 85.82 85.75 85.58 85.33 
Lithium Chloride 13.63 13.47 13.24 12.99 
Composition of 
Organic Phase* 
Butyric Acid 4.733 9.131 20.69 35.62 
Benzene 95.17 90.73 79.01 63.80 
Water 0.098 0.132 0.292 0.571 
Lithium Chloride 0.004 0.007 0.008 0.009 
Hand Coordinates 
xcb,~b 0.0496 0.1000 0.262 0.559 
Xca/Xaa 0.00620 0.00891 0.01419 0.01925 
Distribution 
Coe f fie ien t 
Xca/Xcb 0.1109 0.0798 0.0575 0.0452 
*All compositions are given in weight per cent. 
5 5 
- lJ .68 % LITHIUM CHLORIDE 
42-15 42-20 42-25 42-30 
27.131 32.960 37.996 42.333 
32.728 30.062 27.818 25.896 
34.650 31.919 29.510 27.425 
5.491 5.059 4.677 4.346 
1.938 2.129 2.151 2.258 
0.07 0.13 0.18 0.12 
84·.88 84.47 84.21 84.03 
13.12 13.28 13.46 13.60 
44.75 52.33 56.89 61.06 
54.31 46.44 41.56 37.13 
0.929 1.22 1.53 1. 79 
0.011 0.014 0.018 0.020 
0.824 l.J.05 1.370 1.644 
0.0234 0.0257 0.0263 0.0276 



















































T A B L E 5 6 
BUTYRIC ACID 
-
BENZENE - WATER - 17.61 i. 
RUN NUMBER 43-l 43-2 43-5 43-10 43-15 43-20 
Composition of 
Initial Mixture* 
Butyric Acid 2.396 4.649 10.856 19.517 26.639 32.626 
Benzene 43.385 42.383 39.329 35.740 32.619 29.904 
Water 44.671 43.640 41.043 36.865 33.569 30.871 
Lithium Chloride 9.548 9.328 8.773 7.880 7.175 6.598 
Composition of 
Aqueous Phase* 
Butyric Acid 0.392 0.551 0.841 1.144 1.353 1.487 
Benzene 0.07 0.02 0.08 o.'o4 00.00 0.01 
Water 82.44 82.39 82.04 81.72 8L52 81.33 
Lithium Chloride 17.10 17.()4 17.04 17.10 17.13 17.18 
Composition of 
Organic Phase* 
Butyric Acid 4.928 9.598 21.48 35.19 44.83 52.11 
Benzene 94.98 90.27 78.27 64.33 54.45 46.93 
Water 0.092 0.124 0.243 0.475 0. 711 0.945 
Litb.ium Chloride 0.004 0.006 0.008 0.010 0.011 0.015 
Hand Coordinates 
xcb/~b 0.0519 0.1061 0.275 0.548 0.824 1.111 
Xca/Xaa 0.00490 0.00688 0.01058 0.01441 0.01716 0.01885 
Distribution 
Coefficient 
Xca/Xcb 0.0795 0.0574 0.0391 0.0325 0.0302 0.0284 
*All compositions are given in weight per cemt. 
LITHIUM CHLORIDE 
43-25 43-30 43-35 
37.748 42.075 45.821 
27.607 25. 739 24.007 
28.544 26.518 24.858 
6.101 5.668 5.313 
1.630 1. 750 1.630 
0.09 0.13 0.14 
81.05 80.85 80.93 
17.23 17.27 17.30 
57.49 61.80 65.34 
41.34 36.84 33.13 
1.15 1.14 1.51 
0.018 0~019 0.019 
1.390 1.678 1.972 
0.0208 0.0224 0.0211 



































T A B L E 5 7 
BUTYRIC ACID - BENZENE - WATER - 21.23 io 
RUN NUMBER 44-1 44-2 44-5 44-10 44-15 44-20 
Composition of 
Initial Mixture* 
Butyric Acid 2.352 4.597 10.719 19.287 26.475 32.381 
Benzene 42.855 41.864 39.049 35.347 32.168 29.671 
Water 43.161 42.173 39.567 35. 734 32.753 29.892 
Lithium Chloride 11.633 11.366 10.664 9.631 8. 779 8.057 
Composition of 
Aqueous Phase* 
Butyric Acid 0.295 0.398 0.635 0 .. 908 1.055 1.129 
Benzene 0.07 0.01 0.00 0.02 0~06 0.09 
Water 78.98 79.02 78.82 78.51 78.30 78.18 
Lithium Chloride 20.66 20.58 20.55 20.57 20.59 20.61 
Composition of 
Organic Phase* 
Butyric Acid 5.001 9. 777 21.60 35.45 45,36 52.39 
Benzene 94.92 90.12 78.19 64.16 54.06 46.86 
Water 0.076 0.102 0.207 0.381 0.569 0. 740 
Lithium Chloride 0.003 0.004 0.005 0.008 0.010 0.014 
Hand Coordinates 
Xcb/Xbb 0.0528 0.1083 0.276 0.552 0.838 1.117 
Xca1Xaa 0.00384 0.00519 0.00835 0.01132 0.01335 0.01498 
Distribution 
Coefficient 
XcaiXcb 0.0589 0.0407 0.0294 0.0256 0.0233 0.0216 
*All compositions are given in weight per cent. 
LITHIUM CHLORIDE 
44-25 44-30 44-35 
37.466 41.813 45.542 
27.447 25.555 23.858 
27.638 25.704 24.104 
7.449 6.928 6.497 
1.224 1.286 1.365 
0.03 0.02 0.07 
78.07 77.96 77.78 
20.68 20.74 20.79 
57.81 62.05 65.70 
41.28 36.91 33.18 
0.894 1.02 1.10 
0.017 0.020 0.022 
1.402 1.681 1.981 
0.01659 0.01805 0.01831 




































T A B L E 5 8 
BUTYRIC ACID 
-
BENZENE - WATER - 2.002% 
RUN NUMBER 36-1 36-2 36-5 36-10 36-15 36-20 
Composition of 
Initial Mixture* 
Butyric Acid 2.479 4.823 11.225 20.259 37.525 33.579 
Benzene 45.266 44.189 41.187 36.914 33.603 30.750 
Water 51.209 49.967 46.636 41.970 38.094 34.957 
Sodium Chloride 1.046 1.021 0.953 0.857 0. 778 o. 714 
Composition of 
Aqueous Phase* 
Butyric Acid 1.419 2.084 3.443 4.509 5.875 6.579 
Benzene 0.11 0.18 0.13 0.19 0.27 0.28 
Water 96.59 95.86 94.56 93.46 92.07 91.30 
Sodium Chloride 1.895 1.883 1.872 1.859 1.853 1.857 
Composition of 
Organic :Phase* 
Butyric Acid 3.807 7.927 19.19 33.35 42.90 49.96 
Benzene 96.09 91.91 80.47 65.88 55.79 48.96 
Water 0.096 0.157 0.321 0. 754 1.30 2.07 
Sodium Chloride 0.007 0.010 0.012 0.014 0.015 0.017 
Hand Coordinates 
xcb/~b 0.0396 0.0852 0.238 0.506 0.769 1.020 




Xc/Xcb 0.3727 0.2629 0.1794 0.1412 0.1369 0.1317 
*All concentrations are given in weight per cent. 
SODIUM CHLORIDE 
36-25 36-30 36-35 
38.762 43.176 46.968 
28.430 26.365 24.599 
32.152 29.850 27.864 
0.657 0.610 0.569 
7.123 7.539 7.853 
0.33 0.41 0.50 
90.69 90.16 89.70 
1.865 1,900 1.954 
55.43 59.33 62.25 
41.81 37.00 33.27 
2.73 3.64 4.45 
0.020 0.025 0.028 
1.325 1.603 1.875 
0.0805 0.0852 0.0896 










































RUN NUMBER 37-1 37-2 37-5 37-10 37-15 
Composition of 
Initial Mixture* 
Butyric Acid 2.462 4.754 11.089 19.976 27.199 
Benzene 44.600 43.534 40.587 36.584 33.371 
Water 49.834 48.681 45.491 40.938 37.118 
Sodium Chloride 3.072 3.032 2.833 2.550 2.312 
Composition of 
Aqueous Phase* 
Butyric Acid 1.138 1.641 2.676 3.740 4.442 
Benzene 0.13 0.09 0.18 0.23 0.31 
Water 93.00 92.58 91.55 90.51 89.67 
Sodium Chloride s. 749 5.692 5.601 5.527 5.586 
Composit:i. on of 
Organic Phase* 
Butyric Acid 4.101 8.291 19.67 33.80 43.18 
Benzene 95.79 91.55 80.00 66.47 55.70 
Water 0.101 0.150 0.325 o. 716 1.21 
Sodium Chloride 0.007 0.010 O.Oll 0.014 0.016 
Hand Coordinates 
xcb/~b 0.0429 0.0906 0.246 0.572 o. 775 
Xca/Xaa 0.01265 0.01825 0.0298 0.0418 0.0500 
Distribution 
Coefficient 
Xca1Xcb 0.2775 0.1979 0.1361 0.1107 0.1029 
*All compositions are given in weight per cent. 
5 9 
5.863 % SODIUM CHLORIDE 
37-20 37-25 37-30 37-35 
33.293 38.463 42.767 46.575 
30.546 28.130 26.15 7 24.433 
34.041 31.448 29.254 27.292 
2.120 1.959 1.822 1.700 
4.959 5.300 5.571 5.704 
0.25 0.27 0.19 0.23 
89.14 88.67 88.44 88.03 
5.667 5.768 5.804 6.046 
50.58 55.29 59.54 62.56 
47.54 42.04 37.04 33.41 
1.86 2.65 3.39 4.01. 
0.017 0.021 0.026 0.027 
1.065 1.315 1.611 1.873 
0.0560 0.0600 0.0638 0.0653 












































RUN NUMBER 38-1 38-2 38-5 38-10 38-15 38-20 
Composition of 
Initial Mixture* 
Butyric Acid 2.433 4.688 10.942 19.662 29.204 33.030 
Benzene 43.829 42.963 40.131 36.168 31.874 30.149 
Water 48.685 47.427 44.327 40.017 35.262 33.358 
Sodium Chloride 5.052 4.922 4.599 4.153 3.660 3.462 
Composition of 
Aqueous Phase* 
Butyric Acid 0.892 1.298 2.081 2.870 3.516 3.832 
Benzene 0.14 0.16 0.17 0.23 0.24 0.19 
Water 89.81 89.45 88.72 87.91 87~15 86.82 
Sodium Chloride 9.168 9.109 9.030 8.993 9.101 9.165 
Composition of 
Organic PhaA_e* 
Butyric Acid 4.369 8.664 20.12 34.02 46.81 51.31 
Benzene 95.52 91.17 79.53 65.23 51.79 46.92 
Water 0.104 0.151 0.339 0.737 1.39 1.76 
Sodium Chloride 0.008 0.011 0.012 0.015 0.016 0.018 
Hand Coordinates 
xcb/~b 0.0457 0.0950 0.253 0.521 0.903 1.095 
Xca/Xaa 0.01001 0.01492 0.0239 0.0322 0.0408 0.0445 
Distribution 
Coefficient 
xca/Xcb 0.2042 0.1499 0.1043 0.0844 0.0751 0.0747 
*All compositions are given in weight per cent. 
SODIUM CHLORIDE 
38-25 38-30 38-35 
:B .044 42.446 46.246 
27.892 25.936 24.231 
30.861 28.645 26.747 
3.203 2.979 2.776 
4.064 4.187 4.342 
0.28 0.25 0.23 
86.45 86.26 85.81 
9.216 9.313 9.571 
56.04 60.22 63.19 
41.70 36.96 33.47 
2.26 2.79 3.31 
0.021 0.027 0.029 
1.345 1.638 1.889 
0.0476 0.0491 0.0516 











































13.65 "fo SODIUM CHLORIDE 
RUN NUMBER 45-1 45-2 45-5 45-10 45-15 45-20 45-25 45-30 45-35 45-40 45-50 45-60 
Composition of 
Initial Mixture* 
Butyric Acid 2.436 4.596 10.778 19.443 26.679 32.578 37.724 42.074 45.886 49.094 54.718 59.158 
Benzene 43.259 42.371 39.619 35.647 32.576 29.853 27.641 25.748 23.98}. 22.591 20.068 18.090 
Water 46.893 45.794 42.830 38.779 35.184 32.441 29.908 27.786 26.021 24.167 21.773 19.647 
Sodium Chloride 7.413 7.239 Oo771 6.130 5.562 5.128 4.728 4.392 4.113 3.865 3.442 3.106 
Composition of 
Aqueous Phase* 
Butyric Acid 0.657 0.945 1.456 2.044 2.392 2.656 2.866 2.934 3.002 3.024 3.087 3.122 
Benzene o.os 0.10 0.09 0.15 0.17 0.13 0.14 0.22 0.20 0.25 o. 27 0.23 
Water 85.87 85.62 85.16 84.60 84~26 83.92 83.53 83.24 82.98 82.73 82.01 81.57 
Sodium Chloride 13.40 13.34 13.30 13.21 13.18 13.30 13.47 13.61 13.82 14.00 14.64 15.08 
Composition of 
Organic Phase* 
Butyric Acid 4. 712 8.920 20.41 34.47 44.37 51.17 56.50 60.81 63.94 66.51 70.41 72.39 
Benzene 95.17 90.92 79.26 65.94 54.50 47.16 41.39 36.69 34.12 29.10 25.63 23.07 
Water 0.108 0.145 0.322 00.687 1.11 1.65 2.09 2.47 2.91' 3.35 3.92 4.49 
Sodium Chloride 0.007 0.011 0.013 0.012 0.014 0.016 0.020 0.026 0.028 0.033 0.039 0.048 
Hand Coordinates 
xcb/Xbb 0.0495 0.0982 0.258 0.527 0.813 1.083 1.365 1.653 1.874 2.29 2. 75 3.14 




Xca1Xcb 0.1394 0.1059 0.0714 0.0593 0.0539 0.0519 0.0507 0.0482 0.0469 0.0454 0.0439 0.0431 
*All compositions are given in weight per cent. 
~ 
~ 







l7.4li. SODIUM CHLORIDE 
RUN NUMBER 46-1 46-2 46-5 46-10 46-15 46-20 46-25 46-30 46-35 46-40 46-50 46-60 
Composition of 
Initial Mixture* 
Butyric Acid 2.356 4.555 10.596 19.247 26.334 32.278 37.348 41.659 45.502 48.785 54.341 58.778 
Benzene 42.710 41.788 39.044 35.332 32.230 29.609 27.419 25.506 23.802 22.396 19.951 18.048 
Water 45.370 44.316 41.593 37.513 34.223 31.478 29.098 27.119 25.352 23.802 21.232 19.140 
Sodium Chloride 9.564 9.342 8.768 7.908 7.214 6.636 6.134 5, 717 5.344 5.017 4.476 4.035 
Composition of 
Aqueous Phase* 
Butyric Acid 0.484 0.690 1.109 1.499 1.740 1.939 2.077 2.179 2.231 2.273 2.299 2.308 
Benzene 0.03 0.10 0.14 0.07 0.12 0.14 0.10 0.18 0.15 0.19 0.27 0.21 
Water 82.52 82.36 81.98 81.58 81 ~20 80.91 80.69 80.41 80.19 79.95 79.31 79.06 
Sodium Chloride 16.97 16.85 16.78 16.86 16.94 17.02 17.14 17.24 17.43 17.59 18.13 18.43 
Composition of 
Organic Phase* 
Butyric Acid 4.770 9.294 20.84 34.89 44.53 51.75 56.93 61.15 64.36 67.34 71.24 74.40 
Benzene 95.11 90.54 78.85 64.48 54.43 46.81 41.30 36.74 33.18 29.88 25.51 22.07 
Water 0.112 0.156 0.303 0.621 1.02 1.43 1.75 2.09 2.43 2.74 3.22 3.57 
Sodium Chloride 0.007 0.012 0.014 0.016 0.017 0.019 0.023 0.028 0.033 0,036 0.043 0.052 
Hand Coordinates 
xcb/Xbb 0.0495 0.1028 0.264 0.541 0.817 1.106 1.378 1.811 1.939 2.25 2.79 3.37 
XciXa-a 0.00603 0.00859 0.01389 0.01844 0.0221 0.0247 0,0264 0.0279 0.0287 0.0299 0.0302 0.0304 
Distribution 
Coefficient 
Xc/Xcb 0.1015 0.0742 0.0532 0.0430 0.0391 0.0374 0.0365 0.0356 0.0347 0.0336 0.0323 0.0310 
*All compositions are given in weight per cent. 
~ 
~ 







21. 23 % 
RUN NUMBER 47-l 47:...2 47-5 47-10 47-15 47-20 
Composition of 
Initial Mixture* 
Butyric Acid 2.339 4.485 10.489 19.014 26.016 31.950 
Benzene 1 .. 2.034 41.170 38.608 34.829 31.914 29.254 
Water 43.762 42.753 40.045 36.311 33.097 30.520 
Sodium Chloride 11.865 11.592 10.858 9.84S· 8.974 8.275 
Composition of 
Aqueeus Phase* 
Butyric Acid 0.393 0.521 0.834 1.096 1.254 1.460 
Benzene o.oo 0.10 0.01 0.08 0.13 0.06 
Water 78.82 78.66 78.39 78.03 77.77 77.51 
Sodium Chloride 20.79 20.72 20.77 20.80 zo:a5 20.97 
Composition of 
Organic Phase* 
Butyric Acid 4.927 9,511 2L05 35.30 44.69 51.93 
Benzene 95.97 90.32 78.65 64.11 54.43 46.83 
Water 0.100 0.156 0.283 0.578 0.865 1.21 
Sodium Chloride 0.008 0.012 0.015 0.017 0.019 0.021 
Hand Coordinates 
xco1~b 0.0513 0.1052 0.267 0.551 0.821 1.099 
Xc/Xaa 0.00511 0.00680 0.01093 0.01441 0.01661 0.01935 
Distribution Coefficient 
Xca1Xcb 0.0797 0.0548 0.0396 0.0311 0.0281 0.0281 
*All compositions are given in weight per cent. 
SODIUM CHLORIDE 
47-25 47-30 47-35 
37.009 41. ~ 75 45.063 
27.165 25.315 23.658 
28.185 26.284 24.608 
7.642 7.127 6.672 
1.557 1.607 1.615 
0.12 0.18 0.22 
77.25 77.07 76.86 
21.08 21.15 21.31 
57.19 61.35 64.75 
41.12 36,59 33.17 
1.67 2.04 2.04 
0.024 0.029 o.oJo 
1.390 1.678 1.952 
0.0207 0.0216 0.0217 




































T A B L E 6 4 
BUTYRIC ACID - BENZENE - WATER - 2.001 "!.. 
RUN NUMBER 39-l 39-2 39-5 39-10 39-15 39-20 
Composition of 
Initial Mixture* 
Butyric Acid 2.529 4.830 11.178 20.315 27.620 33.640 
Benzene 45.286 44.224 41.233 37.064 33.651 30.841 
Water 51.141 49.926 46.637 41.768 37.955 34.809 
Potassium Chloride 1.044 1.019 0.952 0.853 0. 775 0. 711 
Composition of 
Aqueous Phase* 
Butyric Acid 1.508 2.030 3.562 5.013 6.239 6.980 
Benzene 0.20 0.13 0.19 0.24 0.32 0.28 
Water 96.32 95.92 94.38 92.91 9L60 90.86 
Potassium Chloride 1.945 1.928 1.870 1.845 1.850 1.880 
Composition of 
Organic Phase* 
Butyric Acid 3.548 7.882 18.89 31.37 42. 7l 49.85 
Benzene 96.34 91.95 80.76 67.87 55.98 48.15 
Water 0.111 0.157 0.333 0. 747 1.30 1.98 
Potassium Chloride 0.004 0.007 0.011 0.013 0.016 0.018 
Hand Coordinates 
xcb/Xbb 0.0368 0.0858 0.234 0.462 o. 764 1.035 
Xca/Xaa 0.01645 0.0222 0.0400 0.0555 0.0701 0.0781 
Distribution 
Coefficient 
Xc/Xcb 0.4250 0.2581 0.1933 0.1602 0.1461 0.1400 
*All compositions are given in weight per cent. 
POTASSIUM CHLORIDE 
39-25 39-30 39-35 
39.009 43.212 47.023 
28.256 26.372 24.609 
32.080 29.807 27.800 
0.655 0.609 0.567 
7.612 8.213 8.584 
0.48 0.45 0.56 
90.01 89.40 88.86 
1.903 1.949 2.006 
54.96 58.98 61.68 
42.11 37.38 33.76 
2.91 3.62 4.53' 
0.021 0.023 0.025 
1.304 1.578 1.825 
0.0851 0.0925 0.0971 




































T A B L E 
BUTYRIC ACID BENZENE 
-
HATER -
RUN NUMBER 40-1 40-2 40-5 40-10 40-15 
Composition of 
Initial Mixture* 
Butyric Acid 2.475 4. 788 11.134 20.012 27.334 
Benzene 44.771 43.712 40.746 36.699 33.289 
Water 49.738 48.555 45.368 40.815 3 7.126 
Potassium Chloride 3.016 2.942 2. 751 2.475 2.251 
Composition of 
Aqueous Phase* 
Butyric Acid 1.290 1.898 3.101 4.652 5.215 
Benzene 0.08 0.13 0.11 0.18 0.25 
Water 93.21 92.62 91.45 89.86 89;16 
Potassium Chloride 5.442 5.365 5.335 5.312 5.371 
Composition of 
Organic Phase* 
Butyric Acid 3.957 8.290 19.21 33.37 43.17 
Benzene 95.92 91.43 80.43 66.85 55.47 
Water 0.116 0.274 0.343 0. 765 1.34 
Potas si urn Chloride 0.006 0.008 0.011 0.015 0.018 
Hand Coordinates 
xcb/~b 0.0413 0.0906 0.239 0.499 0. 778 




Xca/Xcb 0.3259 0.2290 0.1614 0.1387 0.1208 
*All compositions are given in weight per cent. 
6 5 
5.717 7. POTASSIUM CHLORIDE 
40-20 40-25 40-30 40-35 
33.361 38.469 42.924 46.666 
30.490 28.231 26.203 24.487 
34.082 31.397 29.108 27.199 
2.067 1.904 1.765 1.649 
5.827 6.306 6.622 6.896 
0.23 0.28 0.38 0.47 
88.52 87.89 87.41 86.86 
5.429 5.521 5.597 5. 776 
50.13 56.20 ')Q,6.3 6~.26 
47.89 42.11 37.47 33.56 
1.96 2.67 3.18 4.19 
0.019 0.022 0.027 0.031 
1.049 1.311 1,586 1.853 
0.0670 0.0727 0.0770 0.0805 




































T A B L F 
BUTYRIC ACID - BENZENE - WATER -
RUN NUMBER 41-l 41-2 41-5 41-10 41-15 
Composition of 
Initial Mixture* 
Butyric Acid 2.432 4. 732 10.977 19.777 26.987 
Benzene 44.265 43.120 40.218 36.285 33.002 
Water 48.353 47.305 44.272 39.858 36.295 
Potassium Chloride 4.950 4.843 4.532 4.081 3.716 
Composition of 
Aqueous Phase* 
Butyric Acid 1.114 1.620 2.593 3.690 4.464 
Benzene 0.08 0.12 0.18 0.13 0.17 
Water 89.97 89.55 88.50 87.47 86:61 
Potassium Chloride 8.841 8. 717 8.733 8.113 8.764 
Composition of 
Organic Phase* 
Butyric Acid 4.108 8.425 19.68 33.59 43.48 
Benzene 95.77 91.41 79.97 65.69 55.32 
Water 0.117 0.158 0.338 0.702 1.18 
Potassium Chloride 0.008 0.009 0.013 0.018 0.020 
Hand Coordinates 
xcb/Xbb 0.0254 0.0922 0.248 0,511 0.785 
XciXaa 0.01279 0.01859 0.0297 0.0426 0.0518 
Distribution 
Coefficient 
Xc/Xcb 0.2713 0.1923 0.1331 0.1099 0.1027 
*All compositions are given in weight per cent. 
6 6 
9.287 i. "OTASSIUM CHLORIDE 
41-20 41-25 41-30 41-35 
33.006 38.205 42.550 46.360 
30.290 28.052 25.987 24.299 
33.295 30.686 28.541 26.616 
3.408 3.142 2.922 2.725 
4.900 5.333 5.576 5. 720 
0.23 0.25 0.22 0.27 
86.02 85.37 85.00 84.67 
8.852 9.052 9.214 9.342 
50.49 55.40 59.52 62.84 
47.11 42.18 37.47 33~47 
1. 78 2.39 3.08 3.64 
0.023 0.027 0.034 0.041 
1.072 1.313 1.590 1.870 
0.0569 0.0625 0.0655 0.0675 







































RUN NUMBER 48-1 48-2 48-5 
Ccmposition of 
Initial Mixture* 
Butyric Acid 2.396 4.644 10.832 
Benzene 43.519 42.387 39.742 
Water 46.658 45.691 42.634 
Potassium Chloride 7.432 7.278 6. 791 
Composition of 
Aqueous Phase* 
Butyric Acid 0.894 1.307 2.095 
Benzene 0.07 0.05 0.04 
Water 85.72 85.39 84.65 
Potassium Chloride 13.32 13.26 13.22 
Composition of 
Organic Phase* 
Butyric Acid 4.280 a. 102 20.03 
Benzene 95.69 91.13 79.62 
Water 0.122 0.155 0.328 
Potassium Chloride 0.007 0.013 0.016 
Hand Coordinates 
xcb/xbb 0.0428 0.095.5 0.251 
X /X 0.01065 0.01569 0.0253 
ca a a 
Distribution 
Coefficient 
Xc/Xcb 0.2088 0.1502 0.1046 
*All compositions are given in weight per cent. 




13. 74 % POTASSIUM 
48-10 48-15 48-20 48-20 
19.572 26. 751 32.669 37.795 
35.792 32.689 29.970 27.736 
38.503 34.988 32.228 29.733 
6.133 5.573 5.134 4.736 
2.938 3.513 3.867 4.170 
0.09 0".14 0.13 0.10 
83.80 83.23 82.78 82.39 
13.18 13.12 13.23 13.34 
34.15 43.89 50.84 56.36 
65.09 "i4.89 47.50 41.35 
0.734 1.19 1.64 2.26 
0.023 0.025 0.028 0.040 
0.525 0.800 1.092 1.361 
0.0356 0.0431 0.0479 0.0519 
0.0860 0,0800 0.0761 0.0740 
CHLORIDE 
48-30 48-35 48-40 
42.153 45.947 49.278 
25.753 24.110 22.597 
27.685 25.829 24.260 
4.410 4.114 3.864 
4.345 4.559 4. 736 
0.17 0.22 0.22 
82.03 81.40 80.91 
13.46 13.83 14.12 
60.37 63.25 65.76 
36.77 33.36 30.39 
2.81 3.34 3.78 
0.047 0.053 0.069 
1.640 1.893 2.16 
0.0539 0.0571 0.0593 



































T A B L E 6 8 
BUTYRIC ACID 
-
BENZENE - WATER 
-
17.14% POTASSIUM CHLORIDE 
RUN NUMBER 49-l 49-2 49-5 49-10 49-15 49-20 49-25 49-30 49-35 49-40 49-50 49-60 
Composition of 
Initial Mixture* 
Butyric Acid 2.377 4.588 10.709 19.343 26.448 32.481 37.523 41.896 45.704 48.999 54.624 59.055 
Benzene 43.010 41.928 39.344 35.544 32.378 29.750 27.559 25.609 23.928 22.436 20.012 18.014 
Water 45.252 44.317 41.387 37.381 34.116 31.296 28.934 26.925 25.163 23.669 21.017 19.001 
Potassium Chloride 9.361 9.167 8.561 7.732 7.057 6.474 5.985 5.570 5.205 4.896 4.348 3.930 
Composition of 
Aqueous Phase* 
Butyric Acid o. 766 1.109 1.784 2.454 2.932 3.232 3.512 3.759 3.846 3.930 3.968 4.020 
Benzene 0.10 0.10 0.07 0.05 o·.w 0.14 0.19 0.16 0.17 0.21 0. 25 0.23 
Water 82.64 82.37 81.70 81.03 80.44 79.92 79.42 79.15 78.84 78.17 77.44 76.74 
Potassium Chloride 16.50 16.43 16.47 16.49 16.53 16.71 16.88 16.93 17.15 17.69 18.35 19.01 
Composition of 
Organic Phase* 
Butyric Acid 4.489 8.858 20.37 33.65 44.09 51.15 55.16 60.41 63.79 65.97 70.20 72.81 
Benzene 95.50 90.98 79.30 65.66 54.87 47.93 42.74 36.99 33.10 30.51 25.18 23.12 
Water 0.103 0.151 0.317 0.685 1.12 1.62 2.06 2.55 3.07 3.45 4.51 4.91 
Potassium Chloride 0.010 0.016 0.020 0.023 0.028 0.037 0.042 0.052 0.059 0.079 0.106 0.162 
Hand Coordinates 
xcb/~b 0.0470 0.0974 0.257 0.510 0.805 1.071 1.291 1.632 1.928 2.28 2.79 3.15 
X /X 
ca aa 
0.00948 0.01387 0.0217 0.0313 0.0374 0.0414 0.0452 0.0488 0.0491 0.0517 0.0527 0.0536 
Distribution 
Coefficient 
Xc/Xcb 0.1706 0.1252 0.0876 0.0729 0.0665 0.0641 0.0637 0.0623 0.0603 0.0596 0.0565 0.0552 
*All compositions are given in weight per cent. 
~ 
T A B L E 
BUTYRIC ACID 
- BENZENE - WATER -
RUN NUMBER 50-l 50-Z 50-5 50-10 50·15 
CQIDposition of 
Initial Mixture* 
Butyric Acid 2.361 4.500 10.585 19.146 26.230 
Benzene 42.387 41.477 38.823 35.103 32.095 
Water 43.649 42.678 39.967 36.144 32.923 
Potassium Chloride 11.603 11.345 10.624 9.608 8. 752 
Composition of 
Aqueous Phase* 
Butyri.:: .Acid 0,637 0.910 1.465 2.021 2.375 
Benzene 0.04 0.00 0.01 0.08 ().09 
Water 78.96 78.75 78.25 77.58 77.14 
Potassium Chloride 20.37 20.34 20.28 20.32 20.40 
Composition of 
Organic Phase* 
Butyric Acid 4.460 9.019 22.08 34.50 44.56 
Benzene 95.25 90.82 77.60 64.82 54.40 
Water 0.101 0.144 0.304 0.652 1.03 
Potassium Chloride 0.012 0.018 0.022 0.026 0.030 
Hand Coordinates 
xcb/~b 0.0487 0.0994 0.284 0.532 0.819 
X /X 
ca aa 
0.00832 0.01188 0.01931 0.0267 0.0316 
Distribution 
Coefficient 
Xc/Xcb 0.1372 0.1009 0.0664 0.0586 0.0533 
*All concentrations are given in weight per cent. 
6 9 
21.00 % POTASSIUM CHLORIDE 
50-20 50-25 50-30 50-35 
32.158 37.160 41.557 45.333 
29.481 27.278 25.379 23.716 
30.305 28.094 26.121 24.451 
8.056 7.468 6,943 6.500 
2.685 2.817 2.906 2.994 
00.14 0.13 0.18 0.12 
76.59 76.35 76.12 75.75 
20.59 20.71 20.80 21.14 
51.47 57.23 60.88 63.91 
47.13 40.71 36.76 33.31 
1.46 2.01 2.29 2.66 
0.036 0.044 0.065 0.073 
1.091 1.406 1,659 1.920 
0.0359 0.0380 0.0395 0.0410 

















































ACETIC ACID - BENZENE - WATER - LITHIUM CHLORIDE 
SALTING OUT CONSTANT. IN SETSC:r:rmNOW EQUATION 
0 1.970% Lithium Chloride 2·743~ Lithium Chloride 
s 
xss k X k s ss s ss as 
0.460 0.403 0.0201 6.57 0.326 0.0611 5.63 
0.678 0.586 0.0201 7.38 0.474 0.0611 5.65 
0.890 0.778 0.0201 6.61 o.625 0.0611 5.76 
1.100 0.970 0.0201 6.21 0.785 0.0611 5.69 
1.310 1.165 0.0201 5.77 0.950 0.0611 5.27 
1.523 1.358 0.0201 5.68 1.117 0.0611 5.09 
1.740 1.550 0.0201 s.6a 1.283 0.0611 4.97 
1.948 1.740 0.0201 5o68 1.450 0.0611 4.85 
2.165 1.933 0.0201 5.64 1.617 0.0611 4.76 
2.375 2.120 0.0202 ).63 1.783 0.0612 4.72 
2.590 2.310 0.0203 5.64 1.949 0.0614 4o64 




ACETIC ACID - :SEN"ZENE - WATER - LITHIUM CHLORIDE 
SALTDTG OUT CONSTANT IN SETSCHENOW EQUATION 




xss kss s 
xss k s ss 
4 0.460 0.265 0.1002 5-54 0.200 0.1587 5.25 
6 0.678 0.390 0.1002 5·55 0.285 0.1587 5.43 
8 0.890 0.505 0.1002 5.66 0.374 0.1587 5.43 
10 1.100 0.632 0.1002 5-55 0.469 0.1587 5.40 
12 1.310 0.763 0.1002 5.42 0.563 0.1587 5.32 
14 1.523 0.899' 0.1002 5.38 0.673 0.1588 5.14 
16 1.740 1.032 0.1002 5.29 0.781 0.1589 5.06 
18 1.948 1.173 0.1003 5.20 0.893 0.1590 4.91 
20 2.165 1.322 0.1004 5.06 1.006 0.1591 4.91 
22 2.375 1.472 0.1006 4.78 1.123 0.1593 4.72 
24 2.590 1.630 0.1008 4.56 1.248 0.1596 4.59 
26 2.800 1.793 0.1010 4.43 1.383 0.1599 4.40 
'215 
TABLE 7 2 
ACETIC ACID - BENZENE - WATER - LITHIUM CHLORIDE 
SALTmG OUT CONSTANT m SETSCHillNOW EQUATION 
17.61~ Lithium Chloride 21.23% Lithium Chloride 
XCB 0 s 
s X k s X k 
ss ss ss ss 
4 0.460 0.170 0.214 4.69 0.143 0.270 4.33 
6 0.678 0.229 0.214 5.09 0.187 0.270 4.77 
8 0.890 0.290 0.214 5.25 0.238 0.270 4.89 
10 1.100 0.358 0.214 5.25 0.284 0.270 5.02 
12 1.310 0.427 0.214 5.25 0.337 0.270 5.03 
14 1.523 0.502 0.214 5.19 0.394 0.270 5.02 
16 1.740 0.587 0.214 5.09 0.455 0.270 4.98 
18 1.948 0.679 0.215 4.92 0.528 0.270 4.84 
20 2.165 0.773 0.215 4.78 0.602 0.271 4.74 
22 2.375 0.869 0.215 4.69 0.680 0.272 4.64 
24 2.590 0.968 0.215 4.46 0.764 0.272 4.52 
26 2.800 1.073 0.216 4.46 0.862 0.273 4.37 
21~ 
TABLE 7 3 
ACETIC ACID - BENZENE - WATER - ALKALI CHLORIDES 
SALTING OUT CONSTANT nr SETSCEENOW EQUATION 
0 
5.863% Sodium Chloride 9.287~ Potassium Chloride 
XCB s 
s X k s X k 
ss ss ss ss 
4 0.460 0.360 0.0623 4.75 
--- ---
6 0.678 0.505 0.0623 4.32 0.620 0.1028 0.856 
8 0.890 0.680 0.0623 3.79 0.820 0.1028 0.810 
10 1.100 0.860 0.0623 3.74 1.015 0.1028 0.793 
12 1.310 1.035 0.0623 3.68 1.215 0.1028 0.731 
14 1.523 1.220 0.0623 3.68 1.415 0.1028 0.712 
16 1.740 1.395 0.0623 3.44 1.615 0.1028 0.731 
18 1 .. 948 1.575 0.0623 3.38 1.810 0.1028 0.704 
20 2.165 1.760 0.0623 3.3J 2.010 0.1028 0.731 
22 2.375 1.940 0.0624 3.26 2.210 0.1028 0.701 
24' 2.590 2.120 0.0624 3.19 2.415 0.1030 0.726 






Log Y = Log A + B log X 
[~ = a 
• • • 
• • • 
+ b x] 
X 
n 
N = total number of data points 
~ x = x1 + ~ + x3 + • • • + xn 
~y = Y1 + Y2 + Y3 + ••• + Yn 
2 2 2 2 2 
2:, x = x1 + ~ + x3 + • • • + xn 
••• 
2 
+ y n 
~~ = {xl- x)(yl -y) + (x2- x)(y2 -y) + (x3 -x)(y3- y) + ••• + 







~, 2 0 = b i:'xy 
s2(c) = 2 l:' 2 r Y 
s
2(b) s2(~} = 
2'x2 
A Slope (In equation y = a + b x): 




r .. VTT 
Variance of Estimate: 
2 I 2 (1 - r ) '2: Y 
N-2 
Zt9 
Standard Error of' Estimate: 
Standard Error in Slope b: 
s(b) = 









1 1 0 
1 1 1 
1 12 











LINEAR REGRESSION <IN TWO VARIAbLES) LE~ST ~C0AR~S FIT 
FORMAT ( ///5H F"OI~ I tl 4 1 tiH OeSER\//' T I OI'JS) 
FORMATC/26X.7H Y = Fl0a4.SH +F10.4,3H X) 
F 0 R IYlf\ T ( / g 6 X , 7 H Y F 1 U • 11 , 3 H X ) 
FORMAT(/35X,BH M~AN = Fl0a4) 
F o ~ r~~~ 6 T ' 1 1 9 x , ;;r 7 H c 011 n ~;;; b c, T I o [> 1 cog; F f" I c I & j} JT - ~ 1 o 7 > 
F 0 R fvl AT ( / 1 3 X , 3 0 H STAND A R U ERR 0 f~ 0 F C S T I f II ATE :::: F 1 0 • 4 ) 
F1P.7l 
FORMAT(/23X420H THE STATISTIC T = Fln•5) 
FORt>lL\ T ( t.£5H T 1\ BLE- 5H0' JLD de CHf=- C IS:::[::-_D F6 • 0 , 1 9 1-1 DFGRE f~S OF r-:-nr=-t:_ UC'':~ 
FORMATC/16X,27H STANDARD DLVIATION OF X = Fl0.5) 
FORMATl/16X,?7H C~JA(\li)AQI) !)[\/JATI0,\1 OF Y- F10e5) 
F 0 R ~~~AT ( // /4 9 H EST I Jv: A T I 0 N D /-\ T A F 0 R t::_ 0 U AT 1 0 N h2 E L I k d I L I T Y STUD I C:. 2:1 ) 
FORMAT(/14•Fl0e4•Fl0o5tFl0•4•FlOe5,Fl0e4•FlO.~,~H dAO OBSl 
F 0 R l'•i AT ( // / 9 X , 1 H Y • oX , 2 H U Y , 9 X , 1 H X , 8 X , 2 H U X , 7 X , 5 H Y C.. S T , 4 X , 6 H U Y l-: ~ T l_ 
1 2 3 F 0 R l'11 AT ( // / 1 8 H CAS 1::: I S C 0 rV1 P LET ED ) 








005I=l .. N 
READ,XS,AA,E:.3l:l 
X= e4343*LOG<AA) 









CXY =SX--lE-SY /EN 
VX2-SX2 CX2 
VXY=SXY-CXY 
A= Yl:::lAR-871-X i=lAR 
c s s 
R=( <<EN*SXY-SX*SYl**2)/( (EN*SX2-SX*SX)*(EN*SY2-~Y*SY) >>**•5 
F R /' 
6 RA=-R 
7 RA=R 
8 (; 2 S X- ( C: N * c; X 2 c; X --lE- c) X ) / < F N -k < [ N 1 , } ) 
S2SY=CEN*SY2-SY*SY)/(EN*(EN-lel l 
V G X - ( ( f:- t\1 1 • ) / l 1-=- t\1- 2 • ) ) * ( ·2 cH) V t d; o 7{- :> 2 S X ) 
SYGX=YGX**•5 
S H - S Y G X / < < S 2 c_; X* C L N 1 9 l l .:;; --lE- , '2 l 
IF<C3)9 .. 1C, 10 
------------L-~8~=---~B~------------------------------------------------------ -~--~~-------
GO TO 11 






~EY < (i:l¥2 i.3Y'&' ¥ <f.f'l) t(EI>J l•) )..Y_x.s 
PUNCH. XS, N 
PUNCH, C, Xf~AR 
PUJ:'JCI=i, SEX, .:=, EY 
PUNCH , R !-~. ,. S Y G X • :::, 1.::; 
IF<SENSESWITCH3)16,3 








23 ;<w= 1 
GOT028 
27 I<VJ= 1 
28 IF<I 1>2B2·2~1,2od 
28 1 PUNCH 1 1 9 
2 < a P 'd ~ J C I I 1 2 CJ ., I , '/ , )/ U , ) c ; ) C U ; \' E G 9 5 a 0 
GOT031 




COMPARISON OF HAND CORRELATION 
.AND SETSCHENOW EQUATION 
The equation of Setschenow, as employed by Swabb and Mongan, 
may be written 
log = k ss (69) 
where the subscript sf refers to the salt-free system and the 
subscript s refers to the system containing salt. The Hand 
correlation is WTitten for the salt-free system (equation 70) 
and for the system containing salt, equation 71. 
[XCB] log X:sB sf {70) 
(71) 
Equations 70 and 71 are solved in terms of X0AfXAA. 
log [XXCAJ = - Bl log A f + Bl log r~B] (72) 
AA sf sf s sf r-BB sf 
[xcAJ 1 logA +_l_log[~B] (73) log X = - B s B s --:sB s AA s s 
Equation 73 is subtracted from equation 72 and rea~ranged 
log 
But 
rxcA] L~ sf 1 [xcB] ~ ] = B _B Bsf log A8 :e - B log A + B log x_ _£! sr-s 8 s s -~B sf XAA s 
/ 
B = (c + d X ) 
s s s 
/. 
log A8 • (a + b X ) s s 








f and log Asf are written for the salt-free solutions, 
xs is o, and Bsf = c; log Asf = a. 
[:XCA J / 




= ~:L (81) 
Combining equations 80 and 81 shows that 
1 / 
ks = c( c + d x;) [ XCBJ cb - ad + d log XBB (82) 
SUPPLIERS OF CHEMICALS 
J. T. Baker Chemical Compa~y 




Acetic Acid - Glacial 
Benzene - Thiophene Free 
Sodium HYdroxide - Law in Carbonate 
Methanol - Anhydrous 
Silver Nitrate 
Mallinokrodt Chemical Works 
(A. R. Primary Standard Grade) 
Potassium Acid Phthalate 
Matheson, Coleman and Bell, Inc. 
Diohlorofluorescein 
Fisher Scientific Company 
("Fisher Certified" Reagent Grade) 
Karl Fischer Reagent - Stabilized 
Water in Methanol Standard 
Phenolphthalein Indicator Solution 




Distillation 760 mm 
ibp 
Dp 
Per Cent Acid, by weight 
Specific Gravity 20°C/20°C 
Color, platinum-cobalt 
Suspended matter 
Flash point, open cup 
Chlorides 
Heavy metals, as Pb 
Aldelhydes, as propionaldehyde 
Water 
Non-Volatile matter 





99.5 % min 






5 ppm max 
0.05 %max 






0 165.0 C max 
99.0 % min 
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